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ABSTRACT 
Chickpea is the most important grain legume crop 
accounting for the largest area and production of all pulse crops. 
Inspite of intensive breeding efforts, chickpea yield has not shown 
any appreciable increase during the past decade leading to sharp 
increase in its price and per capita availability. Induction of 
mutations has been attempted'on account of the narrow genetic 
base of this crop. The present investigation was carried out to 
study the mutagenic effects of gamma rays and ethyl methane 
sulphonate separately as well as in combination in chickpea {Cicer 
arietinum L.). The main objective of the study was to explore the 
possibilities of inducing alterations in the genotype to enhance 
genetic variability and increase the yield potential in the two 
varieties of chickpea viz. Pusa-212 and Pusa-372. Various other 
aspects of this study were (1) biological damage in Mi generation 
(2) effectiveness and efficiency of the mutagens (3) spectrum and 
frequency of chlorophyll and viable macromutations (4) estimation 
of heritability (broad sense) and genetic advance (percentage of 
mean) and (5) evaluation of protein content in the treated 
population. 
The mutagenic effect was evaluated on some Mj parameters 
such as seed germination, seedling height, plant survival, pollen 
fertility, chromosomal aberrations and various quantitative traits. 
The interaction coefficient (k) of combination treatments was 
determined for various biological parameters. 
Seed germination, seedling height, plant survival and pollen 
fertility decreased, whereas chromosomal abnormalities increased 
with an increase in dose/cone, of the mutagen. Different meiotic 
aberrations induced by the mutagenic treatments include 
stickiness, univalents, multivalents, precocious separation of 
chromosomes, laggards, bridges, non-disjunction etc. Combination 
treatments proved to be most effective followed by EMS in 
causing biological damage except for the meiotic aberrations 
where EMS was comparatively less effective than gamma rays. 
The coefficient of interaction for various biological parameters 
revealed less than additive effects, however, synergistic or more 
than additive effects were also obtained in some combinations. 
Maximum damage was caused in the var. Pusa-372 indicating its 
greater sensitivity to the mutagenic treatments. 
A vv'ide spectrum of chlorophyll and viable morphological 
mutations were screened in the M2 generation. The intermediate 
dose treatments of gamma ra\s and EMS and lower dose 
ct)mbinalion licaLiucnls iiiducccl nuixinuiin frequency of 
chlorophyll and viable macromutalions. However, the order of 
effectiveness w a^s 7-rays+EMS>EMS>y-rays. Among different 
chlorophyll mutations, frequenc}' of xantha was highest followed 
by chlorina in both the varieties. The most promising macro-
mutations included tall, dwarf, broad leaved, bold seeded and 
white flower mutants. All these macromutants were confirmed true 
breeding in M3 generation. 
The mutagenic effectiveness calculated on M2 population 
basis (Mf/dose) revealed EMS to be most effective followed by 
combination treatments in causing mutations. Gamma rays were 
least effective in this regard. The mutagenic efficiency was 
calculated on the basis of seedling injury (Mf/I), lethality (Mf/L). 
sterility (Mf/S) and meiotic aberrations (Mf/M). The intermediate 
dose treatments of gamma rays and EMS and lower combination 
treatments appeared to be most efficient on the basis of various 
criteria used, but with a few exceptions. The combination dose 
treatments showed highest mutation rate followed by EMS and 
gamma rays except for the meiotic aberration (Mf/M) where EMS 
proved to be most efficient. 
Attempts were made to study the mutagenic effect of 
physical and chemical mutagens on mean and coefficient of 
variation in Mi generation. Induced quantitative variability was 
studied for eight quantitative traits viz., days to flowering, plant 
height (cm), days to maturity, number of primary branches per 
plant, number of pods per plant, seeds per pod, 100-seed weight 
(g) and seed yield per plant (g). In general, lower or intermediate 
dose/cone, showed stimulatory effect, whereas higher dose/cone, 
of all the mutagens were effective in reducing the mean values 
especially for yield and yield contributing traits. The overall 
population means remained more or less unchanged for most of 
the polygenic traits in Mi. The coefficient of variation increased 
in the muagenic treatments as compared to controls which differed 
form character to character and the highest coefficient of variation 
was recorded for nujTibeiL_iiLprimary branches per plant followed 
by totalyiejd p_er pj_ant a,nd plarUh_e|ght in both the varieties. The 
combination treatments induced maximum variability followed by 
EMS and gamma rays for almost all polygenic traits. 
The mean values of different quantitative traits showed 
positive and negative shifts in the M2 generation. Mean shifted in 
the desired direction in the lower or intermediate dose treatments 
whereas negat ive shift was more pronounced at higher dose 
t rea tments . Ail the selected t rea tments showed significant increase 
in yield and yield contr ibut ing traits in the M3 genera t ion . Increase 
in pods per plant and 100-seed weight played signif icant role in 
boosi ing the seed yield in treated popula t ions . The mean flowering 
t ime was reduced by 4-6 days at 0 .2% EMS and 2-4 days at 30KR 
gamma rays . Similarly, the maturi ty t ime was reduced by 3-6 days 
in most of the t reatments in the M3 generat ion. 
A wide range of genetic var iabi l i ty was induced in the 
treated popula t ions in M2. The genotypic coefficient of var ia t ion, 
her i tabi l i ty and genetic advance increased signif icantly over 
control in different dose /cones , of mutagens . However , no dose 
dependent increase in genetic parameters was observed. A further 
increase in genetic variabi l i ty from M2 to M3 genera t ion was 
recorded for most of the yield contr ibut ing t ra i ts . This clearly 
suggests the possibi l i t ies of select ing more promis ing lines with 
high yield and high heri tabi l i ty in the future genera t ion . 
On the basis of yield performance , certain mutants isolated 
in M2, were evaluated in order to find out the select ion response in 
M3 generat ion. A considerable increase in seed yield per plant , 
100-seed weight and number of pods per plant was recorded in 
almost all mutant l ines. The increase in mean values for var ious 
polygenic traits was associated with an increase in genotypic 
coefficient of var iat ion, her i tabi l i ty and genet ic advance , 
provid ing scope for further select ion in future genera t ion . 
The protein content increased signif icantly in some 
t rea tments and the isolated mutant lines in M3, whereas , a 
significant decrease was also noticed in others. The protein 
content did not increase with an increase in seed size which 
suggest a negative or low positive correlation between these two 
traits. 
In general, intermediate dose treatments of gamma rays and 
EMS and lower dose combination treatments induced greater 
variability and proved to be more effective and efficient than the 
higher dose treatments. The potential of induced mutations can be 
exploited through efficient handling of the treated material. 
STUDIES ON INDUCED MUTAGENESIS IN 
CICER ARIETINUM L. WITH SPECIAL 
REFERENCE TO THE IMPROVEMENT OF 
ECONOMIC CHARACTERS 
T H E S I S 
SUBMITTED FOR THE DEGREE OF 
Bottot of $t)ilostopt)P 
IN 
BOTANY 
•V 
AIJAZ AHMAD WANI 
DEPARTMENT OF BOTANY 
ALIGARH MUSLIM UNIVERSITY 
ALI6ARH ( INDIA) 
2000 
Ail ad / 
<>' - V 
; I Ace. N o ^ I 
\ ^;^ 
:9 MAR 2CC2 
T5335 
dedicated to 0 ( ^ ^ate grandmother 
'"Who would offer her finaer whenever 0 attemhtea to stand on mxj leas" 
A.nd oMp 'Barents 
'"Whose blessinas have sustained me fhrouah this worh." 
Ph & Fax:# 91-571 - 702016(0) 
91-571 - 501892 (R) 
M.Sc. Ph.D. (Luck.). F.B.S. 
READER 
DEPARTMENT OF BOTANY 
ALIGARH MUSLIM UNIVERSITY 
ALIGARH- 202002 (INDIA) 
Dated 1^ t 
Certified that the thesis entitled "Studies on Induced Mutagenesis in 
C\cer arietinum L. with Special Reference to the Improvement of 
Economic Characters," submitted to the Aligarh Muslim University, Aligarh 
in fulfilment of the requirement for the award of the degree of Doctor of 
Philosophy, embodies the original research work carried out by 
Mr. Aijaz Ahmad Wani under my guidance and supervision. The work has 
not been submitted in part or full for the award of any other degree of this or 
any other University. 
c 
(Mohammad Anis) 
Supervisor 
Acknowledgements 
^ ^ ^ yC^^^y^y/^yi yfiY .fiy^ J^^^ yM.^y^yM^ yt/fy^yC jlayV^yfiyy^yUymyayfry/yfy^y 
^ytf^A^yy^yf^yO yty^^yU ,^y^^yUf y^ygjf 
I am privileged to take this opportunity of recording my deep 
indebtedness to all those who have rendered invaluable help and 
guidance in bringing this study to satisfactory completion. First and 
foremost, I must gratefully record my indebtedness to all the eminent 
authorities, scholars and researchers whose works I have consulted and 
whose ideas and insights have richly contributed to the shaping out of 
this study. 
Research supervisor plays an important role of anchoring the 
student to the very roots of knowledge i.e. creativity, instilling 
determination for hard work and provicMng conducive atmosphere 
which ultimately provides an impetus to one's morale. 1 consider it my 
privilege to have completed this thesis under the able guidance and 
supervision of Dr.Mohammad Anis, Reader in the Department of 
Botany, Aligarh Muslim University. Despite his busy schedule, he gave 
me the privilege and the liberty to enroach on his valuable time. 
Besides providing guidance and assistance, he has been a constant 
source of strength and inspiration to me throughout the study. I am 
heavily indebted to him for his benevolent attitude. 
I fail to find my words for expressing deep sense of gratitude for 
Professor Saeed A. Siddiqui, Chairman, Department of Botany, and 
for Professor M.Wajid Khan, former chairman, who were a constant 
source of help to me during the entire course of investigation. 1 express 
my thanks to them for always being accessible and for providing the 
necessary laboratory facilities. They have been a great source of 
personal and professional inspiration. 
I am deeply indebted to all teachers of the department 
particularly the faculty members of Cytogenetics and Plant Breeding 
Division for their encouragement, inspiration and sympathetic attitude 
and immense help throughout the course of the present study. 
1 would never forgive myself if 1 fail to express my inexplicable 
gratitude to Professor Gh. Hasan Zargar, Head, Plant Breeding and 
Genetics Division, Dr. Shafiq A. Wani, Dr. Gulzafar, Dr. N.A. 
Zeerak,Dr.Shakeel Ahmad and Dr. Nahvi of SK University of 
Agricultural Sciences and Technology, Kashmir, for their valuable 
criticism, constructive discussion and important suggestions on my 
work. To their generosity my gratitude is unbounded. 
I express my sincere thanks to all research scholars of the 
Department particularly my colleague Miss Naghma Abbasi who have 
been a constant source of inspiration and great help to me throughout 
the research period. 
The acknowledgement will remains incomplete without 
expressing my heartiest thanks to all my friends, at present and across 
the miles who provided me motivation, encouragement and moral 
support in completing my work. Dr. Jahangir Iqbal, Dr.Showkat 
Maqbool, Dr. Aijaz Mir, Dr. Nasir Lone, Mr. Javed Chesti, Mr. Majid 
Lone and Mr. Rafiq Thindim, all of them have contributed a lot 
towards a fruitful completion. 
•7 
I am also .gj^eatftll to Director, National Botanical Research 
Institute, Lucknow; Chief Scientist Baba Atomic Research Center 
Srinagar, Kashmir for providing me facilities for gamma irradiation 
and to Professor M.Iqbal and Dr. Mahmuduzafar of Hamdard 
University for providing microphotographic facilities. 
I wish to thank all the members of non-teaching staff of the 
Department for their constant help and to the members of Anglo 
Computer Center for excellent typing of the manuscript. 
To save the best for last, I thank my parents, sisters, brother in 
law, maternal uncles and all kith's and kin's for their love, support and 
constant encouragement without which this work would have not 
existed. 
The award of Junior research fellowship by the Aligarh Muslim 
University is gratefully acknowledged. 
(Aijaz A. Wani) 
CONTENTS 
Page No. 
Chapter-1 INTRODUCTION 1-11 
1.1 Area, Production and productivity of chickpea 3 
1.2 Botanical description 5 
1.3 Economic importance 5 
1.4 Mutagenesis as a means in the crop improvement 6 
1.5 Objectives 10 
Chapter-2 REVIEW OF LITERATURE 12-33 
2.1 Origin of chickpea 12 
2.1.1 Origin and cytological relationship 12 
2.2 Some concepts in induced mutagenesis 14 
2.3 Dose effect/L.D-50 17 
2.4 Mutagenic sensitivity 19 
2.5 Biological damage 21 
2.6 Induction of cytological abnormalities 23 
2.7 Mutagenic effectiveness and efficiency 25 
2.8 Chlorophyll mutations 2 7 
2.9 Mutations affecting Plant morphology 29 
2.10 Induced variability for quantitative traits 3 1 
2.11 Desirable mutants 3 2 
Chapter-3 MATERIALS AND METHODS 34-57 
3.1 Materials 34 
3.1.1 Varieties used 34 
3.1.2 Mutagens used 3 5 
3.1.2.1 Gamma rays 35 
3.1.2.2 Ethylmethane sulphonate (EMS) 3 5 
3.1.2.3 Mechanism of action of gamma rays and EMS 3 5 
3.2 Preparation of mutagenic solution 37 
3.2.1 Method of treatment with chemical mutagen 3 7 
3.2.2 Sample size 3 8 
3.2.3 Sowing of seeds in the field 39 
3.3 Evaluation of M| generation 40 
3.3.1 Seed germination 40 
3.3.2 Seedling height (cm) 40 
3.3.3 Plant survival 41 
3.3.4 Pollen fertility 41 
3.3.5 Coefficient of interaction (k) 42 
3.3.6 Cytological studies 42 
3.4 Evaluation of M, generation 43 
3.4.1 Observations recored in M^ generation 43 
3.4.2 Sensitivity studies on economic traits 45 
3.5 Studies in M, generation 46 
3.6 Statistical analysis 47 
3.7 Protein estimation 54 
Chapter-4 EXPERIMENTAL RESULTS 58-101 
4.1 Studies in Mj generation 5 8 
4.1.1 Seed germination, plant survival and pollen fertility 5 8 
4.1.1.1 Seed germination 58 
4.1.1.2 Plant survival 5 9 
4.1.1.3 Pollen fertility 60 
4.1.2 Seedling height (cm) 60 
4.1.3 Cytological observations 61 
4.1.4 Studies on quantitative characters 66 
4.2 Studies in M^ generation 6 8 
4.2.1 Seed germination 68 
4.2.2 Plant survival 68 
4.2.3 Pollen feitilitv 69 
4.2.4 Chlorophyll mutations 69 
4.2.4.1 Frequency and spectrum of chlorophyll mutations 70 
4.2.5 Mutagenic effectiveness and efficiency 71 
4.2.6 Morphological mutations 73 
4.2.7 Quantitative characters 81 
4.3 Studies in M^ generation 91 
4.4 Screening of high yielding mutants 98 
4.5 Seed protein content 100 
Chapter-5 DISCUSSION 102-140 
Chapter-6 SUMMARY AND CONCLUSIONS 141-146 
Chapter-7 REFERENCES 148-177 
LIST OF TABLES 
Table 1: Area, production and productivity of pulses in India. 
Table 2: Number of released varieties developed through 
mutation breeding in legumes. 
Table 3; Salient features and history of the chickpea varieties 
used in the study. 
Table 4: Details of mutagenic treatment given to chickpea seeds. 
Table 5: Effect of gamma rays, EMS and their combiniUion 
treatments on seed germination, plant survival and 
pollen fertility in M] generation in chickpea {Cicer 
arietinum L.) var. Pusa-212. 
Table 6: Effect of gamma rays, EMS and tiieir combination 
treatments on seed germination, plant survival and 
pollen fertility in M] generation in chickpea {Cicer 
arietinum L.) var. Pusa-372. 
Table 7: Effect of gamma rays, EMS and their combination 
treatments on seedling height (cm) in chickpea {Cicer 
arietinum L.) var. Pusa-212. 
Table 8: Effect of gamma rays, EMS and their combination 
treatments on seedling height (cm) in chickpea {Cicer 
arietinum L.) var. Pusa-372. 
Table-9; Frequency of meiotic abnormalities induced by gamma 
rays, EMS and their combination treatments in chickpea 
{Cicer arietinum L.) var. Pusa-212. 
Table-10: Frequency of meiotic abnormalities induced by gamma 
rays, EMS and their combination treatments in chickpea 
{Cicer arietinum L.) var. Pusa-372. 
Table 11; Comparison of frequency of meiotic abnormalities (%) 
induced by gamma rays, EMS and their combination 
treatments at different stages of meiosis in chickpea 
{Cicer arietinum L.) 
Table 12: Estimates of mean values (x) and coefficient of variation 
(CV) for different quantitative characters in Mi 
generation in chickpea {Cicer arietinum L.) var. Pusa-
212. 
Table 13: Estimates of mean values (x) and coefficient of variation 
(CV) for different quantitative characters in Mi 
generation in chickpea (Cicer arietinum L.) var. Pusa-
372. 
Table 14;Comparative effect of mutagens on mean and coefficient 
of variation in Mi generation of chickpea [Cicer 
arietinum L.) Var. Pusa-212. 
Table 15: Comparative effect of mutagens on mean and coefficient 
of variation in Mi generation of chickpea {Cicer 
arietinum L.) Var. Pusa-372. 
Table 16: Effect of gamma rays, EMS and their combination 
treatments on seed germination, plant survival and 
pollen fertility in M2 generation in chickpea {Cicer 
arietinum L.) var. Pusa-212. 
Table 17: Effect of gamma rays, EMS and their combination 
treatments on seed germination, plant survival and 
pollen fertility in M2 generation in chickpea (Cicer 
arietinum L.) var. Pusa-372. 
Table 18: Spectrum and frequency of induced chlorophyll 
mutations in the M2 generation in chickpea {Cicer 
arietinum L.) var. Pusa-212. 
Table 19: Spectrum and frequency of induced chlorophyll 
mutations in the M2 generation in chickpea {(Ucer 
arietinum L.) var. Pusa-372. 
Table 20: Mutagenic effectiveness and efficiency of gamma rays, EMS 
and their combination treatments in chickpea {Cicer 
arietinum L.) var. Pusa-212. 
Table 21: Mutagenic effectiveness and efficiency of gamma rays, 
EMS and their combination treatments in chickpea 
{Cicer arietinum L.) var. Pusa-372. 
Table 22: Mutation rate of different mutagens in relation to 
biological effects such as lethality, sterility, Injury and 
chromosomal abnormalities in chickpea {Cicer arietinum 
L.) 
Table 23: Frequency of mutations affecting morphological 
characters in mutagen treated chickpea {Cicer 
arietinum L.) Var. Pusa-212 
Table 24: Frequency of mutations affecting morphological 
characters in mutagen treated chickpea {Cicer 
arietinum L.) Var. Pusa-372 
Table 25: Proportion of different morphological mutations 
isolated in M2 generation in chickpea {Cicer arietinum 
L.) 
Table 26: Frequency of morphological mutations obtained with 
different mutagens in M2 generation in chickpea (C. 
arietinum L) 
Table 27: Estimates of mean ( X ), shift in X, coefficient of 
variation, heritability (h )and genetic advance (GA) for 
days to flowering in M2 generation in chickpea {Cicer 
arietinum L.) var. Pusa-212. 
Table 28: Estimates of mean ( X ), shift in X, coefficient of 
variation ,heritability ( h^ ) and genetic advance (GA) 
for days to flowering in M2 generation in chickpea 
{Cicer arietinum L.) var. Pusa-372. 
Table 29: Estimates of mean ( X ), shift in X, coefficient of 
variation, heritability (h )and genetic advance (GA) for 
plant height (cm) in M2 generation in chickpea {Cicer 
arietinum L.) var. Pusa-212. 
Table 30: Estimates of mean ( X ), shift in X, coefficient of 
variation, heritability (h ) and genetic advance (GA) for 
plant height (cm) in M2 generation in chickpea {Cicer 
arietinum L.) var. Pusa-372. 
Table 31: Estimates of mean ( X ), shift in x, coefficient of 
variation, heritability (h^ ) and genetic advance (GA) 
for days to maturity in M2 generation in chickpea {Cicer 
arietinum L.) var. Pusa-212. 
Table 32: Estimates of mean ( x ), shift in X, coefficient of 
variation, heritability (h^) and genetic advance (GA) for 
days to maturity in M2 generation in chickpea {Cicer 
arietinum L.) var. Pusa-372. 
Table 33: Estimates of mean ( X ), shift in X, coefficient of 
variation, heritability (h ) and genetic advance (GA) for 
number of primary branches per plant in M2 generation 
in chickpea {Cicer arietinum L.) var. Pusa-212. 
Table 4 3 : Est imates of mean ( X ), shift in x, coefficient of 
var ia t ion, her i tabi l i ty (li^ )and genetic advance (GA) for 
days to f lowering in M3 generat ion in chickpea (Cicer 
arietinum L.) var. Pusa-212. 
Table 44: Est imates of mean ( x ), shift in X, coefficient of 
var ia t ion, heri tabi l i ty (h )and genet ic advance (GA) for 
days to flowering in M3 generat ion in chickpea {Cicer 
arietinum L.) var. Pusa-372 . 
Table 45: Est imates of mean ( x ), shift in x, coefficient of 
var ia t ion, heri tabi l i ty (h^ )and genetic advance (GA) for 
plant height (cm) in M3 generat ion in chickpea {Cicer 
arietinum L.) var. Pusa-212 . 
Table 46: Est imates of mean ( x ), shift in x, coefficient of 
variat ion, heri tabil i ty (h )and genetic advance (GA) for 
plant height (cm) in M3 generat ion in chickpea {Cicer 
arietinum L.) var. Pusa-372. 
Tabic 47: Est imates of mean ( x ). shift in X, coefficient of 
var iat ion, heri tabi l i ty (h^ )and genetic advance (GA) for 
days to maturi ty in M3 generat ion in chickpea {Cicer 
arietinum L.) var. Pusa-212 . 
Table 48 : Est imates of mean ( x ), shift in X, coefficient of 
var ia t ion, heri tabi l i ty (h^ )and genetic advance (GA) for 
days to maturi ty in M3 generat ion in chickpea {Cicer 
arietinum L.) var. Pusa-372. 
Table 49: Est imates of mean ( x ), shift in X, coefficient of 
var ia t ion, heri tabi l i ty (h^ )and genetic advance (GA) for 
number of primary branches per plant in M3 generat ion 
in chickpea {Cicer arietinum L.) var. Pusa-212. 
Table 50: Est imates of mean ( x ), shift in X, coefficient of 
variat ion, heri tabi l i ty (h^ )and genetic advance (GA) for 
number of primary branches per plant in M3 generat ion 
in chickpea {Cicer arietinum L.) var. Pusa-372 . 
Table 5 1 : Est imates of mean ( x ), shift in x, coefficient of 
var iat ion, heri tabil i ty (h^ )and genet ic advance (GA) for 
number of pods per plant in M3 generat ion in chickpea 
{Cicer arietinum L.) var. Pusa-212. 
Table 52: Estimates of mean ( x ), shift in X, coefficient of 
variation, heritability (h )and genetic advance (GA) for 
number of pods per plant in M3 generation in chickpea 
{Cicer arietinum L.) var. Pusa-372. 
Table 53: Estimates of mean ( x ), shift in x, coefficient of 
variation, heritability (h )and genetic advance (GA) for 
number of seeds per pod in M3 generation in chickpea 
{Cicer arietinum L.) var. Pusa-212. 
Table 54: Estimates of mean ( X ), shift in x, coefficient of 
variation, heritability (h^ )and genetic advance (GA) for 
number of seeds per pod in M3 generation in chickpea 
{Cicer arietinum L.) var. Pusa-372. 
Table 55: Estimates of mean ( X ), shift in X, coefficient of 
variation, heritability (h^ )and genetic advance (GA) for 
100 seed weight (g) in M3 generation in chickpea {Cicer 
arietinum L.) var. Pusa-212. 
Table 56: Estimates of mean ( x ), shift in x, coefficient of 
variation, heritability (h^ )and genetic advance (GA) for 
100 seed weight (g) in M3 generation in chickpea {Cicer 
arietinum L.) var. Pusa-372. 
Table 57: Estimates of mean ( x ), shift in X, coefficient of 
variation, heritability (h^ )and genetic advance (GA) for 
total yield per plant (g) in M3 generation in chickpea 
{Cicer arietinum L.) var. Pusa-212. 
Table 58: Estimates of mean ( x ), shift in x, coefficient of 
variation, heritability (h^ )and genetic advance (GA) for 
total yield per plant (g) in M3 generation in chickpea 
{Cicer arietinum L.) var. Pusa-372. 
Table 59: Brief description of the mutants isolated in 
generation of chickpea {C.arietinum L) 
M. 
Table 60 : Estimates of genetic parameters for various quantitative 
characters of mutants isolated in M3 generation in 
chickpea {Cicer arietinum L.) Var. Pusa-212. 
Table 61: Estimates of genetic parameters for various quantitative 
characters of mutants isolated in M3 generation in 
chickpea {Cicer arietinum L.) var. Pusa-372. 
Table 62: Range . mean and coefficient of variation (CV) for 
protein content in mutagen treated chickpea {Cicer 
arietinum L.) populations. 
Tablc-63: Range, mean and coefficient of variation (CV) for 
protein content in some high yielding mutant lines of 
chickpea {Cicer arietinum L.) 
Chapter-I 
OnirodiAc^on 
INTRODUCTION 
Pulses form an integral part of the vegetable diet in the 
Indian subcontinent. India is the major pulse growing country of 
the world accounting roughly for one-third of the total world area 
under pluses and one-fourth of the total world production. Of the 
total world production of pulses (57.63m.tonnes), India 
contributes about 14.42m. tonnes from an area of 22.24 m. ha. 
(Lai, 1997; FAO, 1998). Pulse crops, also called grain legumes, 
have been valued as food, fodder and feed and have remained as a 
mainstay of Indian agriculture for centuries. Pulse crops pla>' an 
important role in the agricultural economy of India by virtue of 
their ability to fix atmospheric nitrogen in symbiotic association 
with Rhizobium. Every pulse plant is in itself a mini-fertilizer 
factory by contributing substantially to the enrichment of the soil. 
Together, they add many times more nitrogen to our soils per unit 
area than what is added through the application of chemical 
fertilizers. In times to come, there will be a greater dependence on 
the nitrogen fixed by pulses and other legume crops because of 
continued decline in the availability of petroleum products, which 
form the basic material for chemical fertilizers. 
The second unique feature of pulse crops is their deep 
penetrating root systems which enable them to utilize the limited 
available moisture more efficiently than many other crops 
including cereals and also contribute substantially to the loosening 
up of the soil. In general, they are more drought resistant than any 
other cereal crop, though the degree of tolerance varies from crop 
to crop. 
Pulses play an important role in the human diet of our 
country as a source of protein. Because of their high protein 
content, which varies from 20-30% and is almost three times more 
than that of cereals, the pulses form an essential supplement of 
cereal based diet. Besides, the amino acid composition of pulse 
proteins complements the one's lacking in the cereal proteins. 
Pulse proteins are rich in lysine and poor in sulphur-containing 
amino acid i.e. a reverse of cereal proteins. The per capita 
availability of pulses has declined from 64g/day (1951-56) to less 
than 40g/day as against FAO/WHO's recommendation of 80g/day. 
However, taking into account the total protein nutrition available 
from other sources such as food grain, milk and its products, eggs. 
fish, meat etc., then 55g/capita/day requirement of pulses may be 
the realistic target (Asthana and Chaturvedi, 1999). 
India alone produces about 40-80 percent of the global 
production of crops like chickpea, pigeonpea, lentil, peas, cowpea, 
blackgram, etc. The production of pulses has been more or less 
stagnant, fluctuating between 10-14m tonnes over the last few 
decades. The total pulse production as well as productivity has not 
shown any improvement even after three decades of green 
revolution. One of the major constraints to increase in the pulse 
production in our country has been the lack of genotypes with 
higher yield potential to the farmers. Most of the cultivars 
presently under commercial cultivation exhibit lower productivity, 
non-synchronous flowering/fruiting, non-responsiveness to good 
management, non-suitability to various cropping systems, 
complete or partial absence of genetic resistance to major diseases 
and pests and many other undesirable characters. 
l . l :Area, production and productivity of cliickpea 
Cicer arietinum L. (2n==16), also known as Bengal gram or 
chickpea, is one of the most important pulse crops of the country. 
It is grown as a cold weather rabi crop either as a monoculture or 
mixed with wheat, barley, linseed or pea. Being a legume crop, it 
is much esteemed as a rotation crop with cereals like bajra, Jowar, 
wheat, barley and rice. Chickpea thrives best on well drained 
y 
coarse-te^ured/loamy soils but also grows fairly well in black 
cotton soils or medium clay soils. It can withstand a wide range of 
pH (5.5-8.6) but is very sensitive to saline or alkali soils. 
Chickpea is largely grown on residual soil moisture in the post 
rainy season and therefore soil moisture is a critical factor in 
chickpea production from the very beginning of plant growth. 
Chickpea has two principle cultivated types; the brown or 
yellow brown desi type and white seeded kabuli type. Desi type is 
generally grown in the Indian subcontinent (India, Pakistan, 
Bangladesh and Burma) and in the eastern Africa and Spain, 
whereas the Kabuli type is preferably grown in Afghanistan, Iran 
and other Mediterranean countries. The best time for sowing of 
chickpea is mid October with the onset of cool weather when the 
daily average temperature is around 25°C. Among different pulse 
crops, chickpea occupies a Premier Position in the country both in 
area and production (Table-1). It is grown on an area of about 
7.22m. hectares with an yield of 6.01m. tonnes (Asthana and 
Chaturvedi, 1999). 
Table 1: Area production and productivity of pulses in India. 
Pulse crop 
Chickpea 
Pigeonpea 
Fieldpea 
Mungbean 
Urdbean 
A rea (m.ha.) 
7.22 
3.82 
0.73 
3.08 
3.15 
Production 
(m, , tonnes) 
6.01 
2.88 
0.72 
1.31 
1.49 
Productivity 
(Kg h a ' ) 
832 
753 
947 
425 
473 
Lentil 1.34 0.88 660 
Lathyrus 0.85 0.49 576 
Source: The Hindu Survey of Agriculture, 1999 
The major chickpea growing states in India (Grewal et al.. 
1988) are Bihar (119.0 lakh ha), Karnataka (91.7 lakh ha), Madhya 
Pradesh (21.5 lakh ha), Rajasthan (19.4 lakh ha), Uttar Pradesh 
(15.4 lakh ha). Maharashtra (5.3 lakh ha) and Punjab (1.1 lakh ha). 
About 85% of chickpea is grown as a rainfed crop, mostly on the 
residual soil moisture left after the harvest of kharif crop. Nearly 
15% of chickpea is grown as an irrigated crop mostly in Haryana. 
Punjab and Rajasthan. The yield harvested from the irrigated crop 
is much higher to that of the rainfed crop, and with appropriate 
genotypes the yield can be as high as 20-25 q/ha under irrigated 
condition. 
1.2 '. Botanical description 
Cicer arietinum L. belongs to the family fabaceae 
(leguminos^ae). It is a herbaceous annual, branching from the 
base, mostly erect and with a few diffuse spreading branches. All 
parts of the plant are covered with viscid glandular hairs; stem is 
generally greyish in appearance; leaves are pinnately compound 
with leaflets small, hairy and serrated. Flowers are axillary, 
solitary with pedicels jointed; the colour of flower varies from 
white, greenish white or pink and is papilionaceous; Stamens have 
diadelphous (9+l)condition; ovary is superior with one or two 
ovules. Fruit is a turgid pod, normally containing one or two 
seeds; seeds vary in size and shape, their colour ranging from 
white, light fawn, orange, yellowish brown, dark brown or brown 
with little bluish tinge; the seed coat may be smooth or puckered 
and wrinkled or roughly granulate or tuberculate; cotyledons are 
thick and yellowish. 
Floral Formula : K(5) C2+2+1 A (9+1) G| 
1.3: Economic importance 
Chickpea or gram, a major seed legume crop is an important 
source of human food and animal feed and plays a key role in the 
maintenance of soil fertility in the wheat based cropping systems 
of dry rainfed areas of the Indian sub-continent and west Asia and 
North Africa (WANA) region. Nutritionally the importance of 
chickpea in human food sjtems from its high seed protein content, 
with a better protein digestibility than several other pulses, no 
hemaggulutinating activity and low antitrypsic activity. The amino 
acid composition of chickpea and cereals make an integral part of 
several traditional foods in the Indian sub-continent and WANA 
regions. 
Gram is consumed in the form of dual, baisin (flour), 
crushed or as whole gram, boiled or parched. It is eaten as raw, 
roasted or cooked. A large varieties of salty or sweet preparations 
are made from it. Germinated gram is recommended as a 
prophylactic against deficiency diseases particularly scurvy. The 
baisin prepared from gram is one of the chief ingradients alonv ith 
ghee and sugar of many forms of Indian confectionary. 
Analysis of gram reveals different components such as 
moisture (9.8%); protein (17.1%); Fat (5.3%); mineral matter 
(2.7%); fibre (3.9%); carbohydrates (61.2%); and traces of 
calcium, phosphorus, carotene and vitamin Bi in small 
proportions. Whole gram contains saccharose, glucose, fructose, 
polysaccharides, citric and oxalic acids. The protein content of 
gram varies from 12.3 to 31.5%, which is influenced mostly by the 
soil and agro-climatic conditions of a place. 
Gram seeds contain a higher percentage of oil (4-5%) than 
most other pulses. Starch present in the gram is used for textile 
sizing and is considered suitable for giving light finish to cotton, 
wool and silk cloth. It is also utilized in the preparation of an 
adhesive suitable for commercial plywood. The glandular hairs 
present on the whole gram plant exude an acrid liquid, which 
contains malic acid (94.2%), Oxalic acid (5.6%) and volatile acid 
(0.2%). The exudation is astringent and useful in dyspepsia, 
indigestion and costiveness. It is also useful in diarrhoea and 
dysentery. Tender shoots of gram plant and immature seeds are 
used as a vegetable. 
1.4: Mutagenesis as a means in the crop improvement 
Mutagenesis, a key area of genetical research occupies prime 
position in biological researches from viruses to the plants, 
animals and humans in every country not only because of the 
understanding of the mechanism of mutation and the factors 
(internal or external) that has helped to elucidate the basic aspects 
of life phenomenon but also because it has profitably been utilized 
in raising a large number of economically superior and desirable 
genotypes of crop plants. 
In view of the present advancements in our knowledge of 
gene and genetic variation, mutagenesis has helped to increase the 
genetic variability especially in the crop spp. having narrow 
genetic base or limited gene pool. The idea of inducing mutations 
artificially and their subsequent utilization in the crop 
improvement was put forward as early as 1901 by Hugo deVries. 
I h e proof of ionizing radiations producing mutations was 
presented by Muller (1927) in fruitfuly. Stadler (1928) produced 
mutations in barley and maize, Blackeslee and Avery (1927) in 
Datura stramonium and Good-speed (1929) in Nicotiana by x-rays 
and gamma rays. Discovery of chemical mutagens during I940's 
opened new vistas of understanding the nature of the gene and 
mutation process (Auerbach, 1943). Now, there are hundreds of 
synthetic chemicals which have been used extensively or found to 
be highly mutagenic in various organisms. 
The application of mutagenesis in agriculture for improving 
the crop plants presented a new departure from the conventional 
breeding methods. In conventional breeding methods, the store of 
natural variability present either in the base population initially or 
introduced through hybridization, is subjected to recombination 
and selection so as to increase the frequency of favorable 
combinations of genes in the selected line. Mutation breeding 
helps in inducing greater magnitude of variability in various plant 
traits in a comparatively shorter time. Only through a careful 
screening and selection programme the magnitude of genetic 
variability induced by physical and/or chemical mutagens could be 
exploited for obtaining the desirable lines. It has been broadly 
estimated that in higher forms of life^ only 10% of the DNA carry 
the active genes, the remaining 90% of the genome is useless but 
could be considered as a reserve genetic material to be utilized as 
and when required for active sites, such a conversion could occur 
through mutations. Mutations provide an opportunity to create 
hitherto unknown alleles so that the plant breeder does not remain 
handicapped because of limited allelic variation at one or more 
gene loci of interest. Fried (1969) concluded that for increasing 
food production in the world, induced mutagenesis is important in 
creating variability in the breeding populations to improve yield, 
earliness, disease resistance, lodging resistance etc. Gottschalk 
(1986) stated that mutation breeding is a well functioning branch 
of plant breeding that can supplement the conventional methods in 
a favorable manner. 
The induction of mutation has been accepted as a useful tool 
in the plant breeding programme. The success in plant 
improvement programmes, however, depends basically on 
controlling and directing the induced mutation process for the 
production of desired mutations. One of the chief advantages of 
mutation breeding is its ability to improve a single feature in a 
variety without significantly altering the otherwise desirable make 
up of agronomic characters. Another advantage of mutation 
breeding is the creation of genetic variability which enhances the 
scope for selection. The applied aspects of mutagenesis are being 
tackled on a much larger scale nowadays in the crop improvement 
programmes. More than 1700 varieties developed through mutation 
breeding have been recorded as approved and released for 
cultivation, representing at least 90 plant species till mid 1996 
(IAEA, 1996a,b). Most of them have been directly utilized 
mutants, but an increasing number of varieties have resulted from 
cross breeding with such induced mutants. They have all been 
officially tested and approved or commercialized privately. Among 
the successful mutations raised experimentally, about 95% have 
been produced by x-rays, gamma rays, neutrons etc. and only 5% 
by chemical mutagens. It is not because chemical mutagens are 
less effective than physical ones, but the mutagenic properties of 
the former came to be known only after second world war. Perhaps 
in the years to come, chemical mutagens may prove more useful 
and effective than the physical ones. However, more intense 
studies are needed for a proper understanding of their actions 
which can lead to thsir further utilization. 
Development of genotypes showing improvement ovir the 
existing varieties for higher yield and other desirable 
characteristics is the ultimate aim of mutation breeding 
experiments. As stated earlier, release of more than 1700 varieties 
in different crop plants is a testament to the applicability of the 
technique in practical plant breeding. Rice, barley and wheat with 
324, 256 and 146 with commercially cultivated mutant varieties, 
respectively have been the three major crops benefitted with 
mutation breeding. In legumes also, a total of 197 varieties have 
been evolved through direct or indirect use of mutations. In 
chickpea, only 8 such mutant varieties have been released, which 
is comparatively a poor figure in comparison to groundnut, 
soybean, pea and French bean (Table-2). Out of these 8 varieties, 
7 have been the result of gamma irradiation, while the remaining 
one has been through the use of fast neutrons. In India, 43 
varieties of cereal crops, 38 of grain legumes, 23 of oilseeds. 13 of 
fibre crops and 10 of millets have been developed by mutagenesis 
and subsequently released/approved for cultivation (Kharkwal, 
1996). The polygenic traits viz., grain yield, early maturity, plant 
type, quality characters, grain quality, abiotic stress and biotic 
resistance have been improved by mutagenesis (Jain, 1975; Verma 
and Singh, 1984; Sarkar and Sharma, 1987a; Kharkwal, 1996). 
These findings supplement that mutagenesis is a potential tool to 
be employed in the crop improvement. 
In chickpea, induced mutagenesis has been attempted by 
several workers both from the viewpoint of academic interest and 
with an applied objective (Mandal, 1974; Nerker,1978a; Kharkwal, 
1980, 1981a & 1983a; Singh, 1988a). Despite the release of 
different cultivars, chickpea production has not increased to any 
noticeable extent over the last 2-3 decades. This situation is very 
disappointing considering the ever increasing human population 
particularly in the developing countries that has led to a sharp 
reduction in the per capita availability of proteins. Therefore, 
there is an urgent need to strengthen the efforts aiming further 
improvement in the quality and quantity of food legumes 
especially chickpea. 
1.5: Objectives 
The conventional approaches of plant breeding have 
exploited the available genetic variability in chickpea. As a result 
of the use of these conventional approaches for the longer period, 
there has been significant decline in genetic variability which has 
led to a narrow genetic base of this crop. Unlike in cereals, the 
reports on induced mutagenesis in chickpea are not very extensive. 
The information on relative specificity and recovery of mutations 
is a pre-requisite for practical mutation breeding. Mutagens have 
remarkable possibility of improving plants with regard to their 
qualitative and quantitative characters. In the present studies, 
attempts have been made to explore the possibilities of inducing 
alterations in the genotype to enhance genetic variability and 
increase the yield potential of chickpea through the use of physical 
and chemical mutagens separately as well as in combination. 
The main objectives of the present studies were; 
(i) to study the effect of different mutagenic treatments on 
various biological parameters in Mi generation, 
(ii) investigate into the meiotic behavior of chromosomes after 
treatments with physical and chemical mutagens, 
(iii) estimate the frequency and spectrum of chlorophyll and 
viable mutations in M2 generation, 
(iv) compare the effectiveness and efficiency of different 
mutagens, 
(v) quantify the magnitude of the genetic variability induced in 
various quantitative traits, 
(vi) enhance the yield potential by isolating promising lines, 
(vii) evaluation of the promising macromutations in advance 
generations, and 
(viii) evaluate and improve quality characters like protein 
content in the isolated mutant lines. 
Table 2: Number of released var ie t ies developed through mutat ion 
breeding in legumes. 
S.No Species Common name Number of varieties 
1. Arachis hypogea 
2. Cajanus cajan 
3. Cicer arietinum 
Dolichus lablab 
Glycine max 
6. Lens culinaris 
7. Phaseolus vulgaris 
Pisum sativum 
Groundnut 
Pigeonpea 
Chickpea 
Hycinth bean 
Soybean 
Lentil 
French bean 
Pea 
38 
5 
8 
1 
49 
1 
21 
21 
Trifolium alexandrinum Egyptian clover 
10. Trifolium incarnatum Crimson clover 
11. Trifolium pratense Red clover 
12. Trifolium Subterraneum Subterranean clover 
13. Vicia faba 
14. Vigna angular is 
Faba bean 
Adzuki bean 
15. Vigna mungo Black gram 
1 6. Vigna radial a Mungbean 
17. Vigna anguiculata Cowpea 
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Source: Joint FAO/IAEA, Division of Nuclear Techniques in Food and 
Agriculture, June, 1996 
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2.1: Origin of chickpea 
Chickpea {Cicer arietinum L.) is an old world pulse grown 
mainly in Central and West Asia, South Europe, Ethiopia and North 
Africa. Carbonized seeds of chickpea that have been unearthed in 
various archeological sites throughout the middle East, indicate the 
use of this legume already in the early days of Neolithic Revolution 
together with the cereals (wheat and barley) and the pulses Pea and 
lentil (Helbaek, 1959; Hopf, 1969; Vanzeist, 1972). According to 
Vavilov (1951) and his collegues, India and the middle East form the 
primary center of origin of most of the important legumes. The 
chickpea was known to the Greeks in Roomer's time under the name 
Erebinthus and to the Romans as Cicer. The known existance of other 
widely different names show that it was known very early and 
perhaps indigenous to South-East Europe. It is supposed that 
chickpea was cultivated in Egypt from the earlier times of the 
Christian era and that it was introduced into Egypt from Greece and 
Italy. It is considered to have originated in the tract lying between 
Caucasus and Himalayas, wherefrom it has spread into southern 
Europe, Persia, Egypt and India. It has also been introduced into 
parts of central and Southern America, Australia and Africa. 
2.1.1: Origin and cytological relationship 
The middle East is considered as the homeland of several 
annual wild chickpeas. Three species viz. C.judaicum BOISS., 
C.Pinnatifolum JAUB et SPACH. and C.bijugum RECH known from 
that area have the same chromosome number (2n=16) as that of the 
cultivated species (Vander Maesen, 1972). However, morphologically 
and according to their seed protein profile, these species are 
apparently un-related to the cultivated chickpea (Ladizinsky and 
Alder, 1976). Later on, two new species have been found in South-
East Turkey viz; C. echinospermum Davis (Davis, 1969) and C. 
reticulatum Ladiz (Ladizinsky, 1975). Morphologically and by their 
seed protein profile these two species are close to the cultivated 
specie and could be, therefore, suspected as its progenitor (s). 
The two wild species C. echinospermum and C.reticulatum 
share the same morphological features as the cultivated chickpea and 
the differences between them are small. The cytological observations 
of these two species revealed the chromosome number (2n=16) with 8 
bivalents being formed regularly at meiosis (Ladizinsky and Alder, 
1976). With the help of inter-specific crosses cytogenetic 
relationships were studied between these two wild species and the 
cultivated chickpea {Cicer arietinum), which brought about a new 
information regarding the origin of cultivated chickpea (Ladizinsky 
and Alder, 1976). The inter-specific crosses between the two v .^ild 
chickpea C.reticulatum and C. echinospermum indicated that they are 
two different biological species. These two wild species differed 
from each other by a major reciprocal translocation and their hydrid 
was completely sterile. Moreover, the wild specie C. echinospermum 
also differed from the cultivated specie by the same reciprocal 
translocation and their hybrid was also highly sterile. However, the 
presence of regular meiosis and normal fertility of the hybrid 
between C.reticulatum and C. arietinum indicated a remarkable 
similarity between the genomes of the two species. Consequently, 
their hybrid behaved like any other inter-specific hybrid of C. 
arietinum. Therefore, Cicer reticulatum could be considered the wild 
progenitor of the cultivated chickpea Cicer arietinum (Ladizinsky 
and Alder, 1976). 
Genetic relationships in the genus Cicer were also revealed by 
polyacrylamide gel electrophoresis of seed storage proteins (Ahmad 
and Slinkard, 1992). C. reticulatum was found to be the closest 
relative of C arietinum followed by C.echinospermum and other 
species, whereas, C.cuneatum was the farthest relative. Thus, the 
suggestion that C. reticulatum is the wild progenitor of cultivated 
chickpea was therefore, further supported. Kabir and Singh (1991) 
and Ohri and Pal (1991) also supported the similar view about the 
origin of chickpea. 
2.2: Some concepts in induced mutagenesis 
The discovery of mutagenic role of ionizing radiations (Muller, 
1928) and some chemicals (Auerbach and Robson, 1942) initiated a 
flurry of activities in this field. Scientists working on different facets 
of mutagenesis have since then been able to accomplish a significant 
breakthrough in understanding the mechanism of mutagenesis and 
also its applied value for the benefit of mankind. 
Induced mutations are considered as an alternative to naturally 
occurring genetic variation that serves as the source of germplasm 
for crop improvement programs and also as an alternative to 
hybridization and recombination in plant breeding. Mutagens have 
remarkable potential of improving plants with regard to their 
qualitative and quantitative characters; and where appropriate 
selection has been applied, improvement in yield (Brock, 1965; 
Gregory, 1968), adaptability (Gustaffson, 1965), maturity time 
(Brock, 1970), disease resistance (Yamasalci and Kawai, 1968; 
Yamaguchi and Yamashita, 1979) and numerous other traits 
(Sigurbjornson and Micke, 1969) have been reported. The extent to 
which induced mutations provide a useful alternative to the natural 
variation as a source of germplasm for the improvement of such traits 
is largely determined by the importance of linked groups of genes 
and the degree to which natural selection has build-up linked gene 
complexes of adaptive significance in the naturally occurring 
population (Brock, 1971). 
The generation of genetic variability through induced 
mutagenesis provides a base for strengthening plant improvement 
programs. Various classes of chemical and physical mutagens differ 
in their efficiency in inducing mutations and spectrum of mutations 
induced. Ever since the discovery that mutations could be produced 
artificially , one of the aims of studies on mutations has been to find 
the treatment combinations of the mutagens that could induce higher 
magnitude of useful mutations. Combination of different mutagens, 
provided their mutation induction process is independent and capable 
of interaction, should increase the mutation frequency and alter the 
mutation spectrum (Sharma, 1970). Some of the monofunctional 
alkylating agents, ethyl methane sulphonate (EMS) in particular, 
have been shown to be more efficient in the induction of mutations 
than radiations. As certain genes are mutated by radiations and not 
by EMS (Favert, 1960) and the mutation spectrum induced by the 
radiations and chemical mutagens is different (Heiner et al., 1960; 
Ehrenberg et al., 1961), it was thought of interest to find the 
mutation frequencies when the physical and chemical mutagens were 
used in combination by many workers (Sharma, 1970; Khalatkar and 
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Bhatia, 1975; Gupta and Yashvir, 1975; Jayabalan and Rao, 1987a; 
Suganthi and Reddy, 1992). 
Alkylating agents are, by far, the most extensive and important 
group of mutagens. These compounds bear one or more reactive alky! 
groups capable of being transferred to other molecules at positions 
where the electron density is sufficiently high. They cause alkylation 
of phosphate groups of DNA as well as the bases, the most frequent 
event being the formation of 7-alkyl guanine. In practice, however, 
only a few of the mutagens belonging to the group of alkylating 
agents such as, ethyl methane sulphonate (EMS), methyl methane 
sulphonate (MMS), diethyl sulphate (dES), ethyl imine (EI) and N-
nitroso-N-methyl urea (NMU) have been used more frequent!). Of 
these, nitroso compounds have been reported to be most effective 
(Rapoport, 1962, 1963; Swaminathan, 1966; IAEA, 1970). 
Mutagens affect the metabolism of individuals and influence 
the activity or synthesis of enzyme and growth regulators (Khanna 
and Maherchandani, 1980; Jain and Khanna, 1987;). Such harmful 
effects of mutagens lead to various forms of physiological expression 
of damage such as, retarted plant growth, induction of mutations, 
sterility and death. Mutagen induced biochemical and physiological 
changes during seed germination have been reported in rice (Inoue 
et at., 1975) and cowpea (Khanna, 1988, 1991). Radiations have been 
found to produce genetic changes such as mutations, chromosomal 
re-arrangements and disturbances in the cell division (Khanna and 
Maherchandani, 1981a; Khanna, 1986; Singh and Khanna, 1988). 
Low doses of radiations have been found to have a stimulatory effect 
in different crops (Sparrow, 1966; Khanna, 1988). 
16 
For combined treatments of gamma radiations and chemical 
mutagens on seeds, the mutagenic effects were reported to be 
synergistic when radiation was given first followed by chemical 
treatment (Nilan et al., 1962; Sharma, 1970). When treatments were 
given in the reverse order, the mutagenic effects were not synergistic 
(Sharma, 1970). Mohan Rao (1972) obtained a synergistic effect for 
Ml seedling injury and mitotic anaphase fragment frequency, 
whereas, the effect was only additive for mitotic bridges and M2 
chlorophyll mutations. Favert (1963) and Doll and Sandfer (1969) 
however, could not obtain any synergistic interaction between 
radiation and chemical mutagen treatments. In chickpea, intentional 
exposure of seeds to various mutagens has produced many new and 
desirable characteristics (Pundir and Van der Maesen, 1977; Kalia 
et al., 1981; Haq et al, 1988; Hassan and Khan, 1991). 
Our knowledge on the fundamental aspects of the mutational 
processes and the mechanism of action of various physical and 
chemical mutagens and their combinations has been fairly widened 
with the reports of Blixt and Gottschalk (1975); Gottschalk (1978a, 
1978b); Gottschalk and Wolf (1983); Sharma (1985) and Khan 
(1986). Though there are several unanswered questions regarding the 
classification and mechanism of actions of mutagens, yet a more 
comprehensive account of them was given by Sharma (1985). 
2.3: Dose effect/L.D- 50 
The dose required for high mutation efficiency of a physical or 
chemical mutagen depends on the properties of the mutagenic agents 
and of the biological system in question. In general, the dose effect 
of a physical or chemical mutagenic treatment comprises several 
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parameters, of which, the most important are dose rate, 
concentration, duration of treatments, temperature and pH during 
treatments. 
Lethal dose (LD-50) gives an idea about the appropriate dose of 
mutagen in an experiment on induced mutagenesis. In chicicpea, 
Singh (1988a) reported LD-50 values for gamma rays at 460 Gy (var. 
G 130) and 483 Gy (var. H208) and for EMS at 0.25% (var. G130) 
and 0.2% (var. H208j. In both the varieties 0.4% EMS treatment was 
most lethal. Kharkwal (1981a) reported higher lathality in 0.2% EMS 
in comparison to 400 Gy and 500 Gy gamma rays. Higher LD-50 
values for gamma rays in chickpea in comparison to other pulse crops 
such as 300 Gy in black gram (Khan, 1988a), 200 Gy in lentil (Singh, 
1983) and 100 Gy in Pea (Singh, 1988b) indicate its greater 
resistance to the mutagen. Further, differences have been observed 
for LD-50 values in different chickpea varieties which is attributed to 
their differential radiochemosensitivity. A decline in the survival of 
a mutated population has been associated with an increase in the dose 
of mutagen (Farooq and Nizam, 1979a; Singh, 1988b), which may 
have resulted from cytogenetic damage and/or physiological 
disturbances as also reported earlier by Sato and Gaul (1967). 
Both gamma rays and EMS have been shown to have a dose 
related reduction in seed germination and pollen fertility (Nerker, 
1970a; Rao and Laxmi, 1980; Khanna and Maherchandani, 1981a; 
Gautam et al., 1992). Dose linked effectiveness of EMS and gamma 
rays was noted in chickpea in terms of germination, reduction in 
pollen fertility, chlorophyll mutations and seedling height (Kalia et 
al, 1981; Kharkwal, 1981a; Khanna, 1991; Gumber et al., 19^5). 
Similar effects were also reported in peas (Salim et al., 1974), Pearl 
millet (Singh et al., 1978), Vigna radiata (Singh and Chaturvedi, 
1980), lens culinaris (Sharma and Sharma, 1981b), Arachis hypogea 
(Venkatachalam and Jayabalan, 1995) and Nigella sativa (Mitra and 
Bhowmik, 1999). 
With a view to enhance the mutation rate and also to alter the 
spectrum of mutations, many variations in treatment methodology 
have been used by different workers. Treatments v/ith chemical 
mutagens have been given to dry as well as soaked seeds, seedling at 
different developmental stages, different phases of cell cycle at 
variable temperature and ionic concentrations (Chopra and Pai, 
1979). Ramanna and Natrajan (1965) studied the mutagenic 
effeciency of certain alkylating agents under different treatment 
conditions of temperature and hydrogen ion (pH) concentration in 
barley. They concluded that factors such as concentration and 
diffusion of the mutagen, rate of hydrolysis and the influence of 
alkylating and non alkylating groups of the chemical play a 
considerable role in determining the mutagenecity of a compound. 
2.4: Mutagenic sensitivity 
It is well known that the same mutagen dose can cause different 
degrees of effect in different species. Varied mutagenic sensitivit}' in 
different genotypes was first reported by Gregory (1955) in 
groundnut and Lamprechet (1956) in peas. 
Prasad and Das (1980c) studied the mutagenic sensitivity of 
gamma rays and methyl methane sulphonate (MgS) in different 
varieties of Lathyrus sativus L. They observed differential mutagenic 
response in terms of chlorophyll mutations. Similar varietal 
differences were recorded in the production of non viable chlorophyll 
mutations in Nigella sativa (Mitra and Bhowmik, 1999) following 
gamma rays and EMS treatments. Sharma and Sharma (1981a) 
observed differential mutagenic response of gamma rays and NMU m 
microsperma and macrosperma lentils. They observed better viability 
of chlorophyll mutations like xantha and chlorina in the microsperma 
than in the macrosperma varieties. 
Venkatachalam and Jaybalan (1995) while using EMS, sodium 
azide and gamma rays, found distinct varietal differeces in groundnut 
(Arachis hypogea). Distinct varietal response to NMU and gamma 
rays in Vigna radiala was observed by Singh and Chaturvedi (1980). 
Geetha and Vaidyanathan (1997) observed different phenotypic 
response of two soybean cultivars to ethidium bromide and gamma 
rays. Differences in radiosensitivity were also reported by Khan 
(1999) in blackgram, Nerker (1976) in Lalhynis salivas, and Anis 
et a/,(1999) in urdbean Akbar e( al. (1976) concluded that 
differences in radiosensitivity may be due to differences in their 
recovery process involving enzyme activity. In chickpea, Kharkwal 
(1998b) reported that varieties of desi type were more resistant 
towards mutagenic treatments than Kabuli and green seeded types. 
Mutagenic response to cytological aberrations has been 
reported by many workers (Rao and Laxmi, 1980;Suganthi and 
Reddy, 1992). Mitra and Bhowmik (1996) observed no varietal 
differences with regard to mitotic index as well as meiotic 
abnormalities in Nigella sativa L. Both the cultivars oi Nigella saliva 
were found equally radiosensitive. Ahmad (1978) and Ahmad and 
Godward (1981) reported radiosensitivity in nine cultivars of 
chickpea. Out of these 9, two cultivars CSIMF an FIO were 
identified as the most radioresistant and radiosensitive, respectively. 
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Kharkwal(1981a) reported mutagenic sensitivity in 4 varieties of 
chickpea on the bas'S of total germination rate, seedling damage, 
pollen sterility and plant survival. 
In general, the varieties with a large assortment of recessive 
alleles governing trait(s) show greater sensitivity and frequency of 
M2 mutants than varieties having more dominant alleles governing a 
trait (Gelin et al., 1958; Blixt, 1970). The mechanism controlling 
sensitivity to chemical mutagens and x-rays have been reported to be 
different from those determining sensitivity to gamma rays (Sokolov 
and Balchunene, 1977) 
2.5: Biological damage 
^^ There are many reports to demonstrate the effect of physical 
and chemical mutagens and their combination treatments on different 
biological parameters such as germination, survival, injury, sterility 
. etc-(Rupa Bhatacharjee, 1998; Khan 1999; Mitra and Bhowmik, 1999; 
Sareen and Kaul, 1999). Reduction in seedling height following 
treatments with gamma rays and EMS was observed in barely 
(Sharma, 1970). Gupta and Yashvir (1975) reported a radioprotective 
effect of EMS in Abelmoschus esculentus. The combined treatments 
of gamma rays and EMS showed higher germination percentages than 
in corresponding EMS treatments. Choudhary (1983) reported a 
symmetric reduction in germination in different varieties of wheat 
with higher doses of gamma rays. 
Khalatkar and Bhatia (1975) studied the effect of gamma 
radiation, EMS and their combinations on Mi parameters in barley. 
Seedling injury, chromosomal aberrations, pollen and seed sterility 
were found less in combined treatments than in the separate 
treatments. Gamma rays were reported to inhibit the uptake of EMS 
due to the generalized action of radiation on metabolic processes in 
the cell. Singh and Chaturvedi (1980) reported mutagen induced 
damage such as. plant injury and lethality in the Mi generation 
arising due to physiological, chromosomal and factor mutations. 
Gautam et al. (1992) observed a direct relationship of pollen 
and ovule sterility with gamma rays and EMS doses in Vigna mungo,\ 
the maximum occurring at higher doses. Sharma (1972) obtained 
synergistic effects for seed sterility in combined treatments of 
gamma rays and EMS. Increase in pollen sterility and decrease in 
germination with increasing doses of gamma rays in Capsicum 
annuum was reported by Rao and Laxmi (1980). 
Based on plant survival and sterility, the mutation rate of NMU 
was found to be 1.5-2.0 times higher than gamma rays (Sharma and 
Sharma, 1981a) in microsperma and macrosperma lentil. Rapoport 
(1966) has called the mutagens belonging to the nitroso group as 
super mutagens in view of their higher mutagenic effects. Mutagenic 
efficiency based on injury and lethality was found higher in 
combined treatments of gamma rays and NMU than their respective 
individual treatments (Dixit and Dubey, 1986). Combined treatments 
also showed greater reduction in seedling survival than the individual 
treatments. 
Bhatnagar (1984) reported the adverse effects of combined 
treatments on germination and survival of plants in chickpea. The 
pollen sterility increased in combined treatments indicating the 
additive or synergistic effect. Reduction in seed germination with the 
increase in dose of gamma rays in chickpea was reported by Khunna 
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(1981,1991). The EMS treatment was found to cause higher sterility 
than gamma rays in chickpea (Kharkwal, 1981b). 
2.6: Induction of cytological abnormalities 
Estimation of cytological abnormalities and their magnitude 
during mitosis or meiosis is most convenient for evaluating the effect 
of a mutagen. It also provides considerable clue to assess 
radiosensitivity of plants to both physical and chemical mutagens. 
Mutagen induced chromosomal aberrations have been reported by 
many workers in different plants such as in chilli (Mesharam and 
Humme, 1984), pea (Kallo, 1972), triticale (Pushpalatha et al., 
1992), lentil (Reddy and Annaduri, 1992), barley and wheat 
(Swaminathan et al., 1962; Reddy et al., 1991), fenugreek (Anis and 
Wani, 1997) and Capcicum annuum (Anis et al.,2000). Most of these 
workers observed dose dependent increase in the frequency of 
chromosomal abnormalities with respect to mutagenic treatments. 
Subhash and Nizam (1977) reported that increasing the dose of 
x-rays resulted into the formation of increased number of 
inultivalents, fragments, bridges and micronuclei in Capsicum 
annuum. Katiyar (1978a) has reported chromosomal aberrations like 
stickiness, clumping, altered association, breakage, bridges, laggards 
and abnormal microspores after gamma irradiation in chilli. Pollen 
sterility increased with the increase in dose of gamma rays and 
abnormalities were comparatively more in Mi than in M2 generation. 
Similar results were also reported by many workers (Shaikh and 
Qodward, 1_972; Rao and Laxmi, 1980; Tarar and Dnyansagar, 1980; 
Subhash and Venkatrajam, 1983). 
Laxmi et al. (1975) reported different meiotic abnormalities 
like chromatin bridges, laggards, fragments, cytomixis, tripolar 
division, inversion, micronuclei and unequal separation of 
chromosomes in pearlmillet following treatments with gamma rays 
and EMS. Lagging chromosomes and unequal separation of 
chromosomes were more frequent than other anomalies. They further 
reported that gamma rays were more effective than EMS or 
combination treatments in inducing chromosomal anomalies. Increase 
in the frequency of meiotic anomalies with the increase in dose and 
duration of mutagens was reported by Suganthi and Reddy (1992). 
Similar results were also reported in Turnera ulmifolia (Tarar and 
Dnyansagar, 1980) after treatments with gamma rays and EMS. 
Mitra and Bhowmik (1996) reported radiosensitivity in two 
cultivars of black cumin {Nigella sativa) after treatments with gamma 
rays and EMS. Mitotic index was found to decrease with increasing 
dose of mutagens, but the mitotic and meiotic abnormalities showed 
increasing trend with mutagen doses. They observed no varietal 
differences with regard to mitotic index as well as cytological 
abnormalities. 
Venkateshwarlu et al. (1988) studied the effect of single and 
combined treatments of gamma rays, EMS and hydroxylamine (HA) 
in Catharanthus roseus. Besides various meiotic aberrations, tetrad 
abnormalities like monads, dyads, triads and polyads were also 
observed. In tomato, meiotic abnormalities and pollen sterility were 
found more in the combination than in the individual treatments 
(Jayabalan and Rao, 1987b). Dose dependent decrease in pollen 
fertility was reported in Vigna radiata (Ignacimuthu and Sakthivel, 
1989) following treatments with gamma rays and EMS. They 
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observed a significant and positive correlation between chromosomal 
abnormalities and pollen sterility. 
Gamma rays induced meiotic abnormalities have also been 
reported in chickpea (Ahmad,1993). The meiotic abnormalities 
increased with increase in the dose of gamma rays. Decrease in 
mitotic index with increase in the dose of gamma rays has also been 
reported (Khanna, 1991). 
2.7: Mutagenic effectiveness and efficiency 
The usefulness of any mutagen in plant breeding depends not 
only on its effectiveness but also upon its efficiency. Mutagenic 
effectiveness is a measure of frequency of mutations induced by unit 
mutagen dose, whereas, mutagenic efficiency is the measure of 
proportion of mutations in relation to undesirable changes like 
lathality, injury, sterility, mitotic and meiotic chromosome 
aberrations etc. Synergistic as well as antagonistic effects may occur 
when various physical and chemical mutagens are used in 
combination. The methods of calculating mutagenic efficiency and 
effectiveness were suggested by Konzak et al. (1965) and Walther 
(1969). 
Effectiveness and efficiency of different mutagens vary 
distinctly. Ethyline imine has been reported to be more effective and 
efficient than gamma rays (Blixt, 1964), whereas, NMU has been 
reported to be superior to ethyline imine and gamma rays in its 
effectiveness and efficiency (Dubelyi et al., 1975). MMS recorded 
the higher mutagenic effectiveness in rice (Rao and Rao, 1983) 
whereas, gamma rays were found to be more efficient than EMS in 
chilli (Rao et al., 1991). Prasad and Das (1980a) reported 0.2% MES 
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to be more effective than lowest dose (lOKR) of gamma rays, whileas 
MMS was found more efficient than EMS in inducing mutations 
(Minocha and Arnason, 1962). Dixit and Dubey (1986) observed that 
NMU treatment was 2-5 times more efficient in comparison with 
gamma rays, whereas, combined treatments showed a higher 
efficiency than respective individual treatments. Higher efficiency of 
combination treatments has also been reported in barley (Khatathar 
and Bhatia, 1975). Khan (1999) studied the effectiveness and 
efficiency of EMS, gamma rays and their combinations in black 
gram. Lower doses of mutagens were found more effective, while 
gamma ray treatments were more efficient than EMS and combined 
treatments in producing chlorophyll mutations. Lower doses of 
physical and chemical mutagens and their combinations were found 
more effective and efficient by many workers (Prasad, 1972; Sharma 
and Sharma, 1981a; Patra et al., 1998). 
Chemical mutagens have been reported to be more effective in 
causing mutations as compared to gamma rays and combined 
treatments by many workers (Swaminathan ef al., 1962; Solanki, 
1991; Rupa Bhattacharjee et al., 1998). Jagtap and Das (1976) 
studied the effectiveness and efficiency of four monofunctional 
alkylating agents (EMS, dES, MES and EI) in barley. dES was found 
more efficient than EMS, MES and EI in relation to lethality only, 
whereas, MES was the most efficient in relation to sterility as well as 
in producing high frequency of mutants per mutation. On the other 
hand, the factor of effectiveness i.e. mutations per 100 treated seeds 
was highest in ethylene imine. It has been reported that among the 
monofunctional mutagens, methylating agents are more toxic and 
thus, need to be used only at lower concentrations (IAEA, 1970) as 
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against ethylating agents that are reported to be less toxic and can be 
applied at relatively higher concentration to yield more mutations at 
equimolar concentrations. 
Comparative mutagenic effectiveness and efficiency of physical 
and chemical mutagens in chickpea has been reported by Kharkwal 
(1998a). Chemical mutagens have been found to be more efficient in 
inducing chlorophyll as well as viable and total number of mutations. 
NMU in particular was found not only to be effective but also 
efficient than gamma rays and EMS. 
2.8: Chlorophyl l mutations 
Chlorophyll mutations are considered as one of the most 
dependable indices for evaluating the genetic effects of different 
mutagens in several crops (Gustaffson, 1951) and are used as genetic 
markers in basic and applied research (Reddy and Gupta. 1989). 
Different types of chlorophyll mutations such as albina, xantha, 
viridis, maculata, striata, chlorina etc. have been reported in several 
crops by using physical and chemical mutagens (Matsumura, 1962; 
Swaminathan et al., 1962; Goud et al., 1970; Venkatarajam, 1984; 
Reddy and Annadurai,1991; Singh et al., 2000a; Das and 
Kundagrami, 2000). 
Prasad and Das (1980c) observed different types of 
chlorophyll mutations viz. albina, xantha, albo-xantha, xanthalba, 
alboviridis, virescence, chlorina, albescence, tigrina and maculata in 
six varieties of Lathyrus sativus L. The spectrum of chlorophyll 
mutations was found to be dependent on the genetic background of 
the genotype. Moreover, chlorophyll mutation frequency increased 
with the increase in dose of gamma rays both individually as well as 
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in combination with MES in all the varieties. Contrary to this, Mitra 
and Bhowmik (1999) reported that lower doses of gamma rays and 
EMS showed wider spectrum of chlorophyll mutations in Nigella 
sativa L. Sharma (1970) reported that chlorophyll mutation frequency 
decreased at higher doses when calculated on segregating Mi families 
basis. However, on the basis of M? plants a progressive increase with 
the increase in EMS doses was observed. Several workers have 
reported differential varietal response for the induction of 
chlorophyll mutations (Prasad and Das, 1980c; Singh et al., 1999; 
Das and Kundagrami, 2000). Sharma and Sharma (1981a) observed 
no varietal or mutagenic differences with regard to the spectrum and 
relative proportion of chlorophyll mutations. 
Chemical mutagens in general, have been reported to be more 
effective than physical mutagens in inducing maximum chlorophyll 
mutations (Venkateshwarlu, 1988; Reddy, 1989; Kharkwal, 1998b; 
Singh et al., 2000a). Combination treatments of physical and 
chemical mutagens alter the mutation frequency and spectrum 
(Arnason et al., 1963; Favert, 1963). Singh et al. (1999) reported that 
combined treatments of gamma rays and EMS were most effective in 
producing chlorophyll mutation frequency than their individual 
treatments in Vigna mungo. Sharma (1969) reported synergistic 
effects of gamma rays and EMS on chlorophyll mutation frequency in 
barley. Synergistic effect of combined treatments of gamma rays and 
EMS for the induction of chlorophyll mutations in barley was also 
reported by Khalatkar and Bhatia (1975). Similar synergistic effects 
were also reported in blackgram (Gautam et al., 1992) in the 
combination treatments of gamma rays and EMS. Thakur and Sethi 
(1995) reported the "requency of chlorophyll and viable mutations 
were 2-3 times higher in NaNs than in EMS and gamma ray 
treatments in barley. Similarly, the frequency was higher in 
combination treatments of NaN3 and gamma rays than in the 
combination of EMS and gamma rays. 
In chickpea, different workers have reported higher 
chlorophyll mutation frequency around 200-400Gy gamma rays and 
0.3% EMS (Nerkar and Mote, 1978; Kharkwal, 1980; Singh, 1988a). 
In general, EMS treatments induced more mutations as compared to 
gamma ray treatments in chickpea as in case of many other plant 
materials. It is generally believed that ionizing radiations induce 
high frequency of ' a lb ina ' type of chlorophyll mutations (Gustaffson, 
1963). However, in chickpea all chlorophyll mutants including albina 
type were in general more frequent in EMS treatments than in gamma 
rays (Singh, 1988a).Kharakwal (1998b) reported highest frequency of 
albina followed by chlorina and xantha after treatments with physical 
and chemical mutagens in chickpea. An earlier study in chickpea 
(Lysikov et al., 1967) reported higher frequency of chlorophyll 
mutations in combined treatments of physical and chemical 
mutagens. The frequencies of the various types of chlorophyll 
mutations in different varieties with different mutagens have been 
found markedly different. 
2.9: Mutations affecting plant morphology 
The availability of ample genetic variability is pre-requisite for 
attempting selection in plant breeding to develop desired plant types 
in any crop. Several induced morphological mutations have been 
reported in literature showing alterations in the morphology of 
various plant parts. 
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Singh (1988a) isolated 25 types of morphological mutants for 
plant habit, stem, leaf, height, flower and seed characters. Generally, 
physical mutagens induce more morphological mutations and 
chemical mutagens induce more chlorophyll mutations (Gaul. 1960; 
1964). Contrary to this, Singh (1988a) observed that EMS induced 
marginally more morphological mutations than gamma rays. 
Pleiotrophic effect of morphological mutations was reported by 
Deshmukh et al. (1972). According to Blixt (1972b) morphological 
changes are either as the result of pleiotrophic gene action or of 
cryptic chromosomal deletions. 
Variation in size, texture, type and modification of leaf parts 
have been reported by many workers (Patil, 1966; Vesileva, 1978; 
Venkatarajam and Subhash, 1986). Several workers have also 
reported mutants for plant height, maturity period, branching, seed 
and pod mutants (Raisinghani and Mahna, 1994 in Vigna miingo; 
Kumar et al., 1996 in barley; Mary and Jayabalan, 1995 in Sesamum 
indicum; Patra et al., 1998 in opium poppy). Singh et al. (1999) 
isolated several macromutations affecting different morphological 
characters in Vigna mungo L. after treatments with gamma rays and 
EMS. Gamma ray induced bold seeded mutant was reported in Vigna 
mungo (Singh, 1996)'Singh et al. (2000a) reported that some of the 
morphological mutations like foliage and growth habit appeared more 
frequently than other types in mungbean. The frequency of viable 
mutations has been found to increase with increase in the dose of 
EMS, NaN3 and their combinations with gamma rays (Thakur and 
Sethi, 1995). Sharma (1970) reported synergistic effect for viable 
mutations at lower combination treatments as against the additive 
effect observed at the higher doses. He further reported that the 
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combination treatments changed the spectrum by inducing more 
mutation types that were not observed in the separate treatments. 
In chickpea, morphological mutants have been isolated for leaf 
shape (Kharkwal, 1981a), plant habit (Kharkwal, 1981b), growth 
habit, maturity, seed size (Vanniarajan et al., 1993), seed weight and 
total pods per plant (Khanna, 1981) and flowering period (Haq ef al., 
1989). Mutants have been isolated after seed treatment with physical 
and chemical mutagens. A wide range of mutants affecting habit, pod 
distribution, seed size and shape, earliness and resistance to 
Ascochyta rabiei were also obtained in chickpea due to seed 
treatment with gamma rays and EMS (Dekov and Radkov, 1982). 
2.10: Induced variabil i ty for quantitat ive traits 
The inheritance of quantitative characters is controlled by the 
interaction of many genes or polygenes, out of which each single 
gene contributes little to the total phenotypic variability. In crop 
improvement program, it is the quantitative variation for yield and its 
component traits that is important to a plant breeder. In recent years, 
the role of mutation breeding in increasing the genetic variability for 
polygenic characters in number of crops have been proved beyond 
doubt (Khan, 1984; Chopra and Sharma, 1985; Ignacimuthu and Babu, 
1993; Solanki and Sharma, 1999; Waghmare and Mehra, 2000). 
The significance of micromutations in the evolution was first 
recognised and emphasised by Baur (1924) and later it has been 
studied by many workers in different crop plants. Gaul (1965) has 
emphasized the significance of micromutations in plant breeding by 
stating that all the morphological and physiological characters are 
affected by micromutations and they might have higher mutation 
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rates than the macromutations. Several workers have so far reported 
encouraging results about the induction of useful quantitative 
variability in different crop plants viz; Gustaffson (1963) in barley; 
Goul (1966) in wheat; Ramulu (1974) in sorghum; Shah et al. (1986) 
in chilli; Khan (1984), Mehetre et al. (1990) and Tickoo and Chandra 
(1999) in mungbean; Sharma and Sharma (1982) in lentil and Singh 
et al. (2000b) in urdbean etc. In chickpea, different workers have 
reported increased variability for different agronomic characters in 
mutagen treated populations as observed by significant changes in 
the mean and coefficient of variability in comparison to control. 
Majority of the results suggest a negative shift (Nerker and Mote, 
1978; Sharma, 1983; Singh, 1988a) although in some cases positive 
shift was also observed (Mandal, 1974; Kumar et al., 1981). 
Increased variability in the form of high heritability and 
genetic advance for different quantitative characters has been 
reported by many workers (Sharma and Sharma, 1982; Sarkar et al., 
1987; Khan, 1988b; Rao et al., 1988; Nayeem and Ghasim, 1990; 
Sharma et al., 1990; Ignacimuthu and Babu, 1993; Srivastava and 
Singh, 1993), Gamma ray induced mutagenic variability in chickpea 
was reported by Kale et al. (1980). Variability was considerable for 
most of the traits and high heritability estimates with high expected 
genetic advance was found for yield and 100 seed weight. Number of 
pods per plant, plant height and 100 seed weight showed positive 
association with yield. 
2.11: Desirable mutants 
Isolation of desirable mutants showing improvement over 
parent genotypes for different characters of interest is one of the 
important aspect of induced mutagenesis. Several workers liave 
reported induced variability for protein content in different crops 
(Banerjee and Swaminathan, 1966 and Singhal et al., 1978 in bread 
wheat; Siddiq et al., 1970 in Oryza sativa; Doll, 1972 in barley; 
Singh and Axtel, 1973 in sorghum; Balint et al., 1970 in maize; 
Farooq and Nizam, 1979b in chickpea). 
Kharakwal (1998c) induced wide range of variability for 
crude protein content in chickpea through treatments with physical 
and chemical mutagens. Sheikh et al. (1982) isolated high yielding 
and high protein mutants in chickpea following gamma rays 
treatments. Increased seed protein content due to mutagenic 
treatments was also reported by many workers (Ph-a4fta^m^l974; 
Rafiev and Gasanov, 1977; Abo-Hegazi, 1980). 
Since there is ever increasing demand for improvement in 
yield of pulses including the chickpea, mutants for increased yield 
have also been reported by several workers. The mutants showed 
higher yield in comparison to normal cultivars (Kharkwal, 1983a; 
Khan, 1984; Rao, 1988; Hassan and Khan, 1991). Besides gamma 
irradiation derived mutants, Ivannikoov and Moraru (1968) isolated 
the mutants for increased yield through chemical treatments. Some 
high yielding mutants in chickpea after treatments with physical and 
chemical mutagens have been reported by Kharkwal (1981a). In 
addition to the above, disease resistant mutants have also been 
isolated (Murthy, 1974; Kharkwal, 1983a). 
Chapter-3 
Js/{e(mds 
MATERIALS AND METHODS 
3.1: Materia ls 
3 .1 .1: Variet ies used 
Two commercial var iet ies of chickpea {Cicer arietinum L.) 
were used in the present study. A brief descr ipt ion of the two 
var ie t ies is given below. 
Table 3: Salient features and history of the chickpea var ie t ies used in 
the study. 
S.No Variety Year of Source Pedigree Salient features 
release 
T Pusa-212 1982 lARI, P340x Semi erect, leaves 
„ . - „ compound ovate, 
New G130 , , r- ,• 
dark green lohage 
Delhi with pink flowers, 
pod oval, seed light 
brown in colour, 
highly resistant to 
gram wilt, average 
yield 18-28q/ha. 
Pusa-372 1987 P1231x Semi spreading, 
leaves compound 
ovate, green foliage 
(BG-372) New with pink flowers, 
pod medium, seed 
medium, light brown 
in colour, mode-
rately resistant to 
wilt/rootrot, average 
yield 15-22q/ha 
The certified, healthy and dry seeds of the above ment ioned 
two var ie t ies of chickpea were obtained from Genet ics Divis ion, 
or lARI, 
New 
Delhi 
P1231X 
P1265 
Indian Agricultural Research Institute (lARI) New Delhi. Both 
these varieties are well adapted to the agro- climatic conditions of 
Uttar Pradesh, particularly the experimental site (University's 
Agriculture Farm, Aligarh). 
3.1.2: Mutagens used 
The following two types of mutagens were used separately as 
well as in combination. The dose of each mutagen used in the present 
study is given in the Table-4. 
3.1.2.1: Gamma rays 
Air dried (10% moisture content) seeds of the two chickpea 
varieties were exposed to different doses of gamma rays from ""^ Co 
source at the National Botanical Research Institute (NBRI), Lucknow 
(U.P.) at a dose rate of 3KR / minute. 
3.1.2.2: Ethyl Methane sulphonate (EMS), (CH3OSO2 CzH^) 
A set of unirradiated as well as irradiated seeds were subjected 
to treatment with different concentrations of EMS (Sigma Ltd.) for 
separate and combination treatments respectively. 
3.1.2.3: Mechanism of action of gamma rays and EMS 
i) Gamma rays 
Gamma rays are effective and efficient physical mutagen. 
They have shorter wave length and therefore, posses more energy per 
photon than x-rays. The unit of radiations is roentgen (r-units) and 
are produced by the heavy isotopes of elements such as cobalt^*^, p''" 
etc. ^°Co has a half life of 5.3 years with energy = 1.33Mev {]ii) or 
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1.17 Mev (|i2)- When radiation passes through a matter it collides 
with its atoms in tissues/ cells and cause the release of electrons 
from the atom leaving th^re positively charged free radicals or ions 
These ions in turn collide with other molecules causing release of 
further electrons. The net result is that a core of ions is formed 
along the track of each radiation as it passes through matter or living 
tissue. Since this process gives rise to ions or free radicals, it is 
called ionization and hence the name ionizing radiations. The 
increased reactivity of atoms present in DNA molecules is the basis 
of mutagenic effects of ionizing radiations. 
ii) Ethyl methane sulphonate (CH3OSO2C2H5) 
This chemical has been known to react particularly with the 
base guanine (Bautz and Freese, 1960). Krieg (1963) has shown that 
the reactivity of this compound with three of the four bases decreases 
in the order of guanine, adenine and cytosine. Like any other 
alkylating agents, ethyl methane sulphonate can react with either 
phosphate group of nucleic acids or the purine bases especially the 
guanine of DNA molecule (Freese, 1963). The action on guanine base 
i.e. ethylation of N7 is inferred to be important pathway in mutations 
and chromosome breakage. The alkylation of purine in 7' position 
gives to quarternary nitrogens which are unstable. Either the alkyl 
group itself hydrolyses away from the purine or else the alkylated 
purine separates from the deoxyribose leaving it depurinated. 
Liberation of ethylated and methylated purines from DNA base has 
been observed (Bautz and Freese, 1960; Lett et al., 1962). The gap 
might interfere with DNA duplication or cause the incorporation of a 
wrong base. Bautz and Freese (1960) from their experimental results 
and theoretical considerations strongly suggested the removal of 
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guanine to be the main cause of mutations induced by ethyl methane 
sulphonate. 
3.2: Preparation of mutagenic solution 
One per cent stock solution of EMS was prepared and from this 
stock solution different concentrations of EMS were prepared by 
using the formula NiVi = N2V2 , where, 
Ni = Strength of stock solution 
Vi = Volume of stock solution 
N2 = Strength of desired solution 
ViT(/= Volume of desired solution 
The specificity of action of chemical mutagen depends upon the 
particular conditions of treatment, the more important of which are 
temperature and hydrogen ion concentration. In the course of present 
study, EMS solutions were prepared by dissolving appropriate 
quantity of this chemical in Sorensen's phosphate buffer having a pH 
of 7.0 and the final pH adjusted to 7.0 by adding few drops of normal 
NaOH with the help of Backman's pH meter. 
3.2.1: Method of treatment with chemical mutagen 
Prior to the chemical mutagenic treatment, the seeds were 
presoaked in distilled water for 12 hours at room temperature 
(25 + l°C). After the expiry of presoaking period, the seeds were kept 
on blotting paper so as to remove small droplets of water adhering to 
the surface of seeds. Thereafter, the seeds were treated in different 
concentrations of chemical mutagen for 6 hours. The controls were 
kept untreated. Thus the control seeds, although not treated with the 
chemical mutagen, were exposed to the similar physiological 
conditions before sowing as that of the treated seeds. 
During chemical mutagenic treatments, intermittent shaking 
was given throughout the treatment period to facilitate sufficient 
aeration. For uniform absorption, large quantities of mutagenic 
solution, approximately three times the volume of seeds (Konzak 
et fl/.,1965) were used. After the treatment period the treated seeds 
were thoroughly washed in running tap water for 2 hours before they 
were sown in the nursery beds. 
3.2.2:Sampie size 
In each variety a set of 350 seeds were used for each dose/ 
treatment including the control. Out of these 350 seeds, 300 seeds in 
each treatment were sown in the field for morphological and 
cytological studies, whereas the remaining set of 50 seeds was grown 
on moist cotton in petriplates for measuring root-shoot length. For 
this, the petriplates were kept in B.O.D. incubator at 252il°C 
temperature with relative humidity at 95%. 
Table 4: Details of mutagenic treatment given to chickpea seeds 
Mutagen 
used 
amma rays 
EMS 
Gamma 
rays+EMS 
Control 
Dose/cone. 
15KR(L) 
20KR(I) 
30KR(I) 
40KR(H) 
0.1 %(L) 
0.2%(I) 
0.3%(I) 
0.4%(H) 
20KR+0.2%EMS(L) 
30KR+0.2%EMS(L) 
20KR+0.3%EMS(H) 
30KR+0.3%EMS(H) 
Phosphate buffer 
Duration 
of 
presoaking 
(h) 
-
-
-
-
12.0 
12.0 
12.0 
12.0 
12.0 
12.0 
12.0 
12.0 
12.0 
Duration 
of 
treatment 
(h) 
-
-
-
-
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
pH 
-
-
-
-
7.0 
7.0 
7.0 
7.0 
7.0 
7.0 
7.0 
7.0 
7.0 
No. of 
seeds 
treated 
350 
350 
350 
350 
350 
350 
350 
350 
350 
350 
350 
350 
350 
L : lower dose/cone; I : intermediate dose/cone; H: higher 
dose/cone. 
3.2.3: Sowing of seeds in the field 
The treated as well as untreated (control) seeds were sown in 
three replicates (100 seeds in each replicate) in a complete 
randomized block design (CRBD) in the rabi season of 1997 at the 
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University Agriculture Farm, A.M.U., Aligarh. The distance between 
the seeds along a row was kept 20 cm whereas row to row distance 
was maintained at 30cm in each experimental plot in a replication. 
Recommended agronomic practices were employed for the 
preparation of field, sowing and subsequent management of 
populations to raise a good crop. 
3.3: Evaluation of Mi generation 
A detailed study of the effect of different mutagenic 
treatments in the two varieties was undertaken using the following 
parameters. 
3.3.1: Seed germination 
Seed germination was recorded right from the emergence of 
first shoot in each treatment as well as control in the field on 
alternate days. After recording the germination counts, the 
percentage of seed germination and percent inhibition were 
calculated by using the formula. 
Number of seeds germinated 
Germination (%) = xioo 
Number of seeds sown 
Inhibition (%) 
3.3.2: Seedling height (cm) 
Control — Treated 
Control 
xlOO 
Seedling height was est imated on 7"" day of germinat ion by 
measur ing root and shoot lengths of 20 randomly selected seedl ings 
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from each treatment as well as control. Seedling injury as measured 
by the reduction m the root and shoot length was calculated m terms 
of percentage of root and shoot injury. 
Control — Treated 
Percent Injury = xlOO 
Control 
3.3.3: Plant survival 
The surviving plants in different treatments were counted at the 
time of maturity and the survival percentage and percent lethality 
were calculated by the following formula. 
Number of plants at maturity 
Survival (%) = xioo 
Number of seeds germinated 
Control — Treated 
Lethality (%) = xioo 
Control 
3.3.4. Pollen fertility 
Fresh and young flowers from 10-15 randomly selected plants 
were taken from each treatment including the control. Pollen fertility 
was determined by staining the pollen grains with 1% acetocarmine 
solution. Pollen grains which took the stain and had a regular outline 
were considered as fertile, while the shrunken, empty and unstained 
ones as sterile. The following formulae were used to calculate 
percent fertility and percent reduction (sterility). 
Number of fertile pollen 
Pollen fertility (%) = x]00 
Total number of pollen 
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Control Treated 
Percent reduction 
(Sterility) 
•xlOO 
Control 
3.3.5: Coefficient of interaction (k) 
To evaluate the effects of combined treatments on various 
biological parameters as well as mutation frequency the data were 
analysed by using the formula. 
(a+b) 
K (Sharma and Swaminathan, 1969) 
(a) + (b) 
Where 'a ' and ' b ' stand for two mutagens and k is a 
hypothetical interaction coefficient. The value of k should be one, if 
the interaction is additive. Any deviation from this value would show 
synergistic or less than additive effects. 
3.3.6: Cytological studies 
Cytological studies were carried out on pollen mother cells by 
fixing young flower buds from each treatment as well as control. The 
purpose of fixation is to kill the tissue without causing any distortion 
of the components to be studied. It should not only increase visibility 
of the chromosome structure but should also clarify the details of 
chromosome morphology such as the chromatic or heterochromatic 
regions and the primary and secondary constriction. 
Flower buds of appropriate size were collected randomly from 
10-15 plants of Mi generation and fixed in 1:3 aceto-alcohol solution 
for 24h supplemented with crystals of ferric chloride. The material 
was finally stored in 70% alcohol. Meiosis was studied from 
acetocarmine squashes of pollen mother cells (Swaminathan et a!., 
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1954). The slides were made permanent using n-butyl alcohol 
schedule (Bhaduri and Ghose, 1954). Anylysis of various stages of 
meiosis was done from temporary slides chiefly at metaphase and 
anaphase stages. The photomicrogarphs were taken from temporary 
as well as permanent slides with the aid of "Nicon" 
photomicrographic unit using lOx eyepiece x lOOx objective lens. 
3.4: Evaluation of M2 generation 
Seeds from each M, plant were harvested separately in treated 
as well as control populations. For raising M2 generation, 50 M] 
plants and 30 seeds from each plant were selected in each treatment 
including control and were planted in the plant progeny rows in three 
replicates. Thus, M2 population of each treatment consisted of 50 M, 
plant progenies and a total of 1500 M2 plants. The seed to seed 
distance was maintained at 20cm and row to row spacing at 30cm. 
3.4.1: Observations recorded in M2 generation 
i) Chlorophyll and viable mutations 
The treated as well as control populations were carefully 
screened for chlorophyll mutations from the emergence till the age of 
four weeks after germination, whereas viable morphological 
mutations were scored throughout the growth period of plants in the 
field. The identification and classification procedure of Gustaffson 
(1940, 1947) was followed with suitable modifications. 
Mutation frequency was calculated by the following methods 
1.Mutations frequency (%) 
Number of mutated progenies 
> 
Total number of progenies 
100 
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2. Mutation frequency 
(%) 
Number of mutated plants 
X 
Total number of plants 
100 
ii) Mutagenic effectiveness and efficiency 
Mutagenic effectiveness is a measure of the frequency of 
mutations induced by unit mutagen dose, whereas, mutagenic 
efficiency is the measure of proportion of mutations in relation to 
undesirable changes like injury, lethality, sterility and meiotic 
aberrations etc. Mutagenic effectiveness and efficiency was 
calculated on the basis of formula suggested by Konzak et al. (1965). 
1) Mutagenic effectiveness 
a) Effectiveness 
(Physical mutagen) 
b) Effectiveness 
(Chemical mutagen) 
c) Effectiveness 
(combination) 
Mutation rate (Mf) 
Dose in kiloroentgens (kr) 
Mutation rate (Mf) 
(Cone, of mutagen)^ (time of 
treatment in h) 
Mutation rate (Mf) 
Dose of physical mutagen (kr) x 
concentration of chemical mutagen 
(%)xtime (h) 
2) Mutagen efficiency 
a) Efficiency 
Mutations rate on the basis of Mi 
plant progenies (MP) or M2 population (Mf) 
% injury (I) or % lethality (L) or % 
sterility (S) or % meiotic aberrations (M) 
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3,4.2: Sensit ivity studies on economic traits 
Observations were recorded on 10-15 normal looking plants of 
each progeny from treated as well as control populations. The 
progenies segregating for macromutations were not used for such 
analysis. The following eight quantitative characters were thoroughly 
studied in different generations. 
1. Days to flowering 
Days taken to flowering were noted from the date of sowing 
till first flowering appeared in 50% plants in a treatment. 
2. Plant height (cm) 
Plant height was measured at maturity in centimeters from the 
base up to the apex of plant. 
3. Days to maturity 
Days to maturity was noted as the number of days taken from 
the date of sowing to the date of harvesting of plants. 
4. Number of primary branches per plant 
Primary branches arising at the base of the plant were counted 
in each treatment as well as control. 
5. Number of pods per plant 
Number of productive pods were counted at maturity and noted 
as the number of pods borne on the whole plant. 
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6. Number of seeds per pod 
Mean seeds per pod was first calculated from each individual 
plant and then the pooled mean was calculated from different mean 
values. 
7. 100 seed weight (g) 
It was the weight of a random sample of 100 seeds from each 
plant. 
8. Total seed yield per plant (g) 
Seed yield per plant was the weight of total number of seeds 
harvested per plant and the yield of each plant was recorded in 
grams. 
3.5: Studies in M3 generation 
On the basis of performance of yield and other desirable traits, 
the following treatments were selected in M2 for raising M3 
generation. 
a) 20KR gamma rays 
b) 30KR gamma rays 
c) 0.2% EMS 
d) 0.3%EMS 
e) 20KR+0.2%EMS 
f) 30KR+0.2%EMS 
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I'rom each ircalmcnl such Mi progenies were selected which 
showed significant deviat ions in mean values in the posit ive 
direct ion par t icular ly for the yield components under study in M2 
genera t ion . Thereafter , seeds of each selected progeny were bulked 
by taking equal number of seeds from individual p lants . Plants 
showing morphologica l , chlorophyll and other var ia t ions were 
discarded from each progeny for quant i ta t ive s tudies . However , seeds 
o l ' such plants were collected separately and sown in individual rows 
in M3 to study their mutant nature. 
A random sample of each selected progeny of t reatments as 
well as controls were sown as M2 progeny rows to raise the M3 
genera t ion . The plant to plant and row to row distance was 
mainta ined same as in other exper iments . Observat ions were recorded 
on all eight quant i ta t ive traits as in M2 generat ion. 
3.6: Statist ical Analysis 
The data of each quant i ta t ive trait were subjected to statist ical 
anaKses to assess the extent of induced variat ion in different 
genera t ions . Mean, standard error, s tandard deviat ion and coefficient 
of var ia t ion were calculated as per the standard stat ist ical 
p rocedures . Components of var iance (genotypic and phynotypic) 
were es t imated as per the formula suggested by Singh and chaudhary 
(1977) . The broad sense heri tabi l i ty (h") was es t imated by the 
formula suggested by Johnson et al. (1955) , whereas , genet ic advance 
(GA) expressed as percentage of mean was calculated as suggested 
by Allard (1960) and modified by Khan (1979a) . 
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3.6.1: Mean ( X ) 
The mean was computed by taking the sum of a number of 
observations and dividing it by total number of observations 
recorded, thus 
X1+X2 + X„ 
N 
X = 
n 
Z X i 
i = l 
N 
Where Xi, X2, Xp = observations 
N = Total number of observations involved 
3.6.2: Standard deviation (S.D.) 
Standard deviation is the positive square root of the average of 
sum of squares of deviations of all observations from their means. It 
was computed on the basis of following formula. 
(X, - X)' + (X2 - X)2 + (X3-X)2 + — + (Xn - Xf 
S.D. 
< 
Z(x- x)^  
or S.D. 
where, S.D. = Standard deviation 
I x = Sum of all individual observations 
i .e. X1+X2 + X3-
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X = Mean of all observations 
n = number of observations 
3.6.3 Standard error (S.E.) 
S.D. of sample 
S.E. = 
V N - 1 
Where, S.D. = Standard deviation 
N = Number of observations 
3.6.4: Coefficient of variation (C.V.) 
It measures the relative magnitude of variation present in the 
observations relative to their magnitude of arithmetic mean. It is 
defined as the ratio of standard deviation to arithmetic mean 
expressed as percentage and is a unitless number. The following 
formula was applied to compute coefficient of variabilit> (C.V.). 
Standard deviation 
C.V. = xiOO 
Arithmetic mean 
S.D. 
Or C.V. = —-—xiOO 
X 
3.6.5: Analysis of variance 
Analysis of variance helps in sorting out the variance due to 
different sources and also provides a basis for test of significance. 
For computing the analysis of variance between and within families, 
ANOVA was prepared for testing the significance of variance. 
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3.6.5.1: Components of variance 
i) Genotypic variance (a^g) 
The estimate of genotypic variance was calculated by the 
following way 
MSv - MSe 
a-g = 
N 
Where, MSv and MSe = Mean sum of squares of between families/ 
within families and error, respectively, 
a g = Geneotypic variance 
N = Number of replicates 
Genotypic coefficient of variation (GCV) was calculated as 
V a^g 
GCV (%) - -—_— xioo 
X 
ii) Phenotypic variance (a~p) 
Phenotypic variance was estimated by summing up the 
estimated genotypic variance (a 'g ) and the environmental variance 
(MSe or o"e). 
a^ p = a^g + a^e 
Pheotypic coefficient of variation (PCV) was calculated as 
V a ' p 
PCV (%) = xiOO 
50 
3.6.6: Heritability (h^) 
It is the ratio of genotypic variance to the total 
phenotypic variance. The broad sense heritability was calculated as 
1 
h' (%) xlOO 
0 
a-p 
Where, a"g = induced genotypic variance 
a"p = Phenotypic variance 
3.6.7: Genetic advance (GA) 
The genetic advance as percentage of mean at 1% selection 
intensity (k) was computed as follows 
GA = k. ap.h^ 
Where, h = broad sense heritability, 
a p ^ pheontypic standard deviation of the mean 
performance of treated populations, and 
k = 2.64 constant for 1% selection intensitv 
GA. 
GA(%of X) xlOO 
3.6.8: Test of significance 
The significant differences between treated and control 
population means was obtained by using the least significant 
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difference (L.S.D.) method (Snedecor and Cochran, 1968) with some 
suitable modifications. It was computed as follows. 
Step 1: Construction of data table for 5 treatments and 3 replicates: 
The data were computed such that each treatment occupied a 
column and their replicates were arranged in rows. 
lows 
replica-
es) 
T, 
Column number (treatments) 
T: Tj T, Ts Tota l 
( rep l 
(2) 
of rows 
icates) 
Squa re of 
total of 
rows 
1 A , B , C , D , C, A , + . , . + n , = X, (X, ) -
2 A] B ; , Ci D; El A , + ,+Li2= X; ( X ; ) ' 
] A,i B , C , D , 0 , A , + . . .+ i ; i= X, ( X , ) ' 
Dial o f Ai + . . , + A j B|+. , ,+B, C i + .+Ci D i+ +Di I - | + . + l - : , (x i )^ + ...+ ( x , )• = u r 
o l u m n ( I ) = yi = y : = y i =y4 =y5 
q u a r e s o f ( y i ) ' ( y 2 ) ' ( y O ' ( y j ) ' ( y s ) ' ( y i ) ' + ...+ ( y s ) ' = wy G r a n d 
o ta l of T o t a l 
o l u m n s >i+ +>? 
= « X 
urn o f ( A , ) ^ + . . . + ( B i ) - + .,.+ ( C i ) - + ...+ ( D | ) - + , . + ( E , ) ' + ...+ Z , + ,,,+Z5 = w z x , + . . . + x , 
q u a r e s ( A , ) ' = Zi ( B , ) = = Z , ( C , ) ' = Z-, ( D , ) ' = Z4 ( E , ) ' = Z , 
Dtal of 
01 u m 11 
y ') 
Step 2:Correction factor (CF) 
(Grand Total) 
CF 
or CF = 
(wx) 
txr 
t x r 
2 
where, 
wx = Grand total 
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t = number of treatments 
r = number of replicates 
Step 3: Total sum of squares (SSQT) 
This is the sum of squares of all the values in the table minus 
the correction factor 
SSQT = [ (A , ) ' + (B,)- + (E,) ']-CF 
Step 4 : Sum of squares of treatments (SSQt) 
(yi) ' + (yif + (ys)' 
SSQt= CF 
r 
wy 
or SSQt = CF 
r 
Where, r = number of replicates 
Step 5: Sum of squares of replicates (SSQr) 
( X , ) ' + ( X 2 ) ' + (X3 ) ' 
SSQr= CF 
t 
wr 
or SSQr CF 
t 
Where, t = number of treatments 
Step 6: Sum of squares of error (SSQE) 
SSQE = SSQT- (SSQt+SSQr) 
Step 7: Estimated variance of error (MSE) 
3 j 
MSE = 
SSQE 
( t - l ) ( r - l ) 
Step 8: Least significant difference based on ordinary t-test (L.S.D.) 
2MSE 
L.S.D.at 5% level = / x t value at 5% level 
<l r 
2MSE 
L.S.D. at 1% level = X t value at 1% level 
If the difference between any two sample means exceeds the 
least significant difference (L.S.D.) value obtained at 5% or 1% 
level, the difference between the two means is said to be significant 
at 5% or 1% level, respectively. 
3.7: Protein estimation 
Crude protein content in the seeds was estimated following the 
method of Lowry et al. (1951) with some lab modifications. 
Besides the isolated mutant lines, protein estimation was done 
in all selected treatments as well as in control populations. At least 5 
different samples of seeds were taken from each treatment as well as 
mutant lines. Each sample of seeds was crushed into powder with 
the help of mortar and pestle and 2-3 replicates were kept for all 
samples studied, 
3.7.1: Materials used 
1. Bovine serum albumin (Sisco India Ltd.) 
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2. Sodium carbonate (Na2 CO3 of Qualigen India, Ltd.) 
3. Sodium hydroxide (NaOH of E.Merck India, Ltd.) 
4. Sodium potassium tartarate (Qualigen India, Ltd.) 
5. Copper sulphonate (CUSO4 of BDH India, Ltd.) 
6. Folins phenol reagent (Sisco India, Ltd.) 
3.7.2: Preparation of reagents 
1. Sodium dodicyl phosphate (SDS) 
1% SDS was prepared by dissolving 1 g SDS in 100 ml DDW. 
SDS is used to extract protein from the sample. 
2. Lowery reagent 
A. NaiCOs (Sodium carbonate ) = 2% 
NaOff (sodiun hydroxide) = 0.4% 
Added 2 g of Na2C03 and 0.4 g of NaOH to 100 ml DDW in a 
simple beaker. 
B. Sodium potassium tartarate (Na-K-tartarate) = 2% 
Added 2 g of Na-k-tartarate to 100 ml DDW to get 2% sodium 
potassium tartrate 
C. Copper sulphate (CUSO4) = 1% 
Added 1 g of CUSO4 to 100 ml DDW to get 1% CUSO4 
Lowery reagent = 100 ml A: 1ml B: 1 ml C 
. ( Ace. ^^ )Hi 
3. Folin phenol reagent 
It is available as 2N in the market. 50% or 50ml of Folin 
phenol was diluted in 50 ml DDW to get IN Folin. 
3.7.3: Procedure for protein estimation 
Stepl: Took 10 mg seed sample from each treatment in small test 
tubes. 
Step 2: Added 1 ml of 1% SDS to each sample. Vertex or shook 
thoroughly and carefully. Left for 10-15 minutes 
Step 3: Took 0.2 ml aliquot from each tube and added 0.8ml DDW to 
make 1ml exactly. Vertex or shook well. 
Step 4: Added 5 ml Lowry reagent to each tube and vertex. Left 
exactly for 10 minutes. 
Step 5: Added 0.5 ml of IN Folin phenol to each sample and vertex. 
Left for 20 minutes. Read each sample at 660 nm in DU-40 or 
Beckman's Spectrophotometer. 
3.7.4: Test of significance 
Data of protein estimation were subjected to T-test to stud\' the 
significant shifts in treated population with respect to control. 
X - y 
V S D ' ( l /n , + l/n,) 
n ,SD^ + njSD". 
SD- -
n i + n 2 - 2 
Where x = mean of one group, e.g. control 
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,nd y = mean of 2 group e.g. any treatment 
ni = number of observations in one group 
nd 
n2 = number of observations in 2 group 
SD] = Standard deviation of one group 
nd SD2 = Standard deviation of 2 group 
ni+n2- 2 = degree of freedom (df) 
Chapter-4 
EXPERIMENTAL RESULTS 
4.1: Studies in Mj generation 
The effect of gamma rays, EMS and their combination 
treatments in Mi generation of chickpea were evaluated on seed 
germination, seedling height, plant survival, pollen fertility, 
chromosomal aberrations and various quantitative characters. The 
interaction coefficient (k) of combination treatments was 
determined for various biological parameters. 
4.1.1: Seed germination, plant survival and pollen fertility 
Data on seed germination, plant survival and pollen fertility 
are depicted in the Tables 5 and 6. 
4.1.1.1: Seed germination 
Seed germination decreased with an increase in dose/cone, 
of the mutagens in both the varieties (Figs. 1-3). The maximum 
decrease in germination was observed at the highest dose of all the 
mutagens. In case of gamma ray treatments, the maximum 
inhibitory effect on germination (28.25%) and (20.57%) was 
observed at 40KR in the var. Pusa-372 and var. Pusa-212, 
respectively. In case of EMS treatments, the maximum inhibition 
was recorded as 37.17% and 33.57% at 0.4% EMS in the var. Pusa-
372 and var. Pusa-212, respectively. 
The combination treatments were found most effective in 
reducing the germination percentage. The highest inhibitory effect 
on germination (40.15% in the var. Pusa-372 and 37.91% in the 
var. Pusa-212) was observed at 30KR+0.3%EMS treatment. The 
interaction coefficient of all the mutagen combinations for seed 
germination was less than additive. The highest coefficient value 
(k=0.86) was observed in the combination treatment 
30KR+0.3%EMS in the var. Pusa-212. 
In general, germination was poor in most of the treatments in 
both the genotypes studied. Var. Pusa-372 was more sensitive to 
the mutagenic effect than var. Pusa-212. However, the order of 
effectiveness was y-rays+EMS>EMS> y -rays in both the varieties. 
4.1.1.2: Plant survival 
The survival of seedlings decreased with an increase in 
dose/cone, in almost all the mutagens in both the varieties 
(Figs. 1-3) Among the mutagenic treatments, maximum survival 
percentage was observed at the lowest treatments, whereas, 
minimum survival percentage was observed at highest treatments 
in all the mutagens. The highest lethality of 37.15% in the var. 
Pusa-212 and 37.77% in the var. Pusa-372 was recorded at 
30KR+0.3%EMS and 0.4% EMS treatments, respectively. The 
Pooled mean values for survival percentage indicated that 
maximum survival (80.70% in the var. Pusa-212 and 75.28% in the 
var. Pusa-372) was observed in case of gamma rays as compared to 
93.14% and 90.33%, respectively in controls. However, the 
maximum lethality (25.95% in the var. Pusa-212 and 27.10% in the 
var. Pusa-372) was recorded for the combination treatments. The 
order of effectiveness for percent lethality was y 
rays+EMS>EMS> y -rays in both the varieties. However, Pusa-372 
was more sensitive than Pusa-212 in reducing the survival 
percentage. 
The interaction coefficient for various combination 
treatments were less than additive. The only exception was 
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Fig. 1. Effect of gamma rays on seed germination, plant survival and 
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Fig. 3, Effect of combined treatments of gamrrta4:ays^nd EMS on 
seed germination, plant survival and pollen fertility in 
chickpea (Cicer arietinum L.) 
30KR+0.3%EMS in the var. Pusa-212 which showed synergistic 
or more than additi\e effect (k = 1.09). 
4.1.1.3: Pollen fertility 
The pollen fertility decreased with an increase in the 
mutagenic treatments (Figs. 1-3). In other words, the pollen 
sterility increased with increase in mutagenic dose/cone. The 
maximum sterility was observed at the highest dose/cone, of each 
mutagen. The highest sterility of 42.17% in the var. Pusa-372 and 
39.33% in the var. Pusa-212 was induced by the combination 
treatment 30KR+0.3%EMS, the pollen fertility was reduced to 
54.58% and 56.92% as against the control values of 94.39% and 
93.82% in var. Pusa-372 and var. Pusa-212, respectively. 
The Pooled mean values for both percent fertility and 
sterility indicated that combination treatments were most effective 
followed by EMS and gamma rays. Less than additive effects were 
observed in almost all the combination treatments. The highest 
coefficient value (k=0.94) was recorded at 30KR+0.3%oEMS in the 
var. Pusa-212. In general, the var. Pusa-372 was more sensitive 
than the var. Pusa-212 to both physical and chemical mutagnes. 
4.1.2: Seedling height (cm) 
The seedling height measured in terms of root:shoot length 
is presented in the Tables 7 and 8, 
A gradual decrease in the seedling height with an increasing 
dose of the mutagen in single as well as combined treatments was 
noticed with a few exceptions. Among the mutagenic treatments, 
0.4% EMS treatment recorded the maximum injury (23.39%) 
followed by 30KR+0.3%EMS (21.25%) in the var. Pusa-212. 
whereas, in the var. Pusa-372 the maximum injury was noticed in 
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the combination treatment 30KR+0.3%EMS (24.46%) followed by 
0.4% EMS (19.60%). The pooled mean values for seedling height 
and percent injury indicated that EMS was most effective followed 
by the combination treatment and gamma rays in the var. Pusa-
212, whereas, in case of the var. Pusa-372 the order of 
effectiveness was y -rays +EMS >EMS> y -rays. 
The coefficient of interaction showed less than additive 
effects for most of the combination treatments. The only exception 
was 30KR+0.3%EMS in the var. Pusa-37'2, which showed 
synergistic or almost additive effect (k=1.04) on seedling growth. 
The coefficient of variation (CV) for seedling height remained 
high in all the mutagenic treatments as compared to control in both 
varieties. Dose dependent increase in CV was not observed in most 
of the cases with a few exceptions. The highest CV (80.47%) was 
recorded at 30KR y-dose as compared to the control value of 
30.47% in the var. Pusa-212. 
4.1.3: Cytological observations 
The control plants of two chickpea varieties viz. Pusa-212 
and Pusa-372 revealed 8 perfect bivalents (2n=16) at both 
diakinesis as well as metaphase-I (Plate-I, Figs. 1-4). Anaphase and 
telophase segregations were normal giving rise to normal tetrads. 
In control as well as in treated materials, diakinesis was found to 
be very difficult to interpret because the bivalents were highly 
condensed. 
A study of PMCs raised from treated seeds indicated that the 
onset of meiosis was highly disturbed and the abnormalities in 
both the varieties were more or less similar. The frequency of 
various meiotic anomalies and the total number of PMCs scored in 
each dose/cone, alongwith respective controls are presented in the 
Tables 9 and 10. The total frequency of meiotic aberrations in the 
each dose/cone, and at different stages of meiosis and the 
coefficient of interaction (k) for various combination treatments is 
presented in table 11. 
The mutagenic treatments resulted in a number of 
abnormalities in Mi. The most frequent aberrations were stickiness 
or clumping, univalents, multivalents, laggards, bridges, 
cytomixis, disturbed polarity and micronuclei. In addition, a 
number of anomalies, such as, precocious separation of 
chromosomes, non-orientation of bivalents at metaphase, unequal 
segregation and non-disjunction of chromosomes at anaphase were 
observed comparatively at a low frequency. 
It is evident from the tables that almost all types of the 
abnormalities increased with an increase in the mutagenic 
treatment in both the varieties with a few exceptions (Graph-Fig. 
4). 
The frequency of univalents ranged from 2-5 per PMC at the 
metaphase-I (plates-I & II, Figs.5,1 5,16). The highest frequency of 
PMCs (2.88%), showing univalent formation was observed in the 
combination treatment 20KR+0.3%EMS in the var. Pusa-372, 
whereas in the var. Pusa-212, 0.4% EMS treatment recorded the 
highest univalent formation (2.17%). 
Multivalents were observed in the form of trivalents, 
tetravalents, hexavalents or a chain of bivalents (Plates-I & II, 
Figs.7,8,13) at the metaphase-I in the treated populations. Higher 
doses of all the mutagens induced high multivalent formation, the 
maximum frequency (2.63%) was observed at 40KR y -rays in the 
var. Pusa-212. 
62 
-5- Stickiness or clumping of chromosomes at metaphase-I was 
the most common of all the meiotic abnormalities. Chromosomes 
clumped either into different groups or in some PMCs all the 
bivalents were clumped together (Plates-I & II, Figs. 5,9,11,14). 
The frequency of PMCs showing stickiness ranged from 0.70%-
2.63% and 0.47%-2.88% in case of y-rays; from 0.92%-3.13% and 
0.64%-1.75% in case of EMS treatments and from 1.15%-3.50% 
and 1.55%-3.70% for the combination treatments in the var. Pusa-
212 and var. Pusa-372, respectively. 
Precocious movement or early disjunction of chromosomes 
and non-orientation of bivalents at metaphase-I were also observed 
in some PMC's (Plate-I & II,Figs. 6,10,17). The highest frequency 
of precocious separation was observed at 40KR y-rays (1.75%) in 
the var. Pusa -212 and at 30KR+0.3EMS (1.73%) in the var. Pusa-
372. Similarly, the maximum misorientation was observed at 
30KR+ 0.3%EMS (1.17%) and 0.4% EMS (1.09%) in the var. 
Pusa-212 and Pusa -372, receptively. 
Laggards, bridges, cytomixis and disturbed polarity were 
commonly observed at anaphase and telophase stages in the treated 
populations. 
The frequency of lagging chromosomes ranged from 1-5 per 
PMC. These laggards were present either as univalents or as whole 
bivalents at anaphase and telophase stages (Plates-III & IV, 
Figs.18, 25,28). EMS treatment (0.4%) induced highest frequency 
of laggards (3.37%) in the var. Pusa-212, whereas, 40KR y-rays 
induced maximum frequency (3.12%) in the var. Pusa-372. 
Bridges at anaphase and telophase stages were frequently 
observed in the combination treatments. However, the individual 
higher dose treatments of y-rays and EMS also induced sufficient 
63 
frequency of bridges (Plates III & IV,Figs.26,27,30). In the var. 
Pusa-212, the highest frequency of bridges was noticed in 0.4% 
EMS (2.89%) followed by 40KR y-rays (2.63%) and 20KR+0.3% 
EMS (2.57%). Sim'larly, in the var. Pusa-372, the frequency of 
bridges was 2.96%, 2.20% and 2.18% at 30KR+0.3%EMS, 30KR 
and 0.4% EMS, respectively. 
Non-disjunction of bivalents was observed in some PMCs of 
treated populations. It was noticed that either 4 bivalents moved to 
each pole during anaphase segregation or some of the bivalents 
failed to segregate and moved to any of the poles at anaphase 
(Plates-III&IV,Figs.22,23,29). The maximum frequency of PMCs 
showing non-disjunction was observed at 0.4% EMS (1.53%) 
followed by 30KR+0.3%EMS (1.48%) in the var. Pusa-372. 
Unequal segregation of chromosomes at A-I was noticed in 
some PMCs of treated populations. The chromosomes segregated 
in the ratio of 9:7, 10:6 and so on during anaphase-I (Plate-Ill. 
Figs.24-25). Among the three mutagens, unequal segregation of 
chromosomes was most frequently observed in case of combination 
treatments. 
Cytomixis was another most common abnormality observed 
in the present investigations (Plate-IV, Figs.33-34). Cytoplasmic 
connections between two or more than two PMCs were induced by 
the mutagenic treatments. Through these connections chromatin 
material of one or more cells was seen passing into the 
neighbouring cell. It is interesting to note that cytoplasmic 
connections were observed between metaphase-metaphase, 
metaphase-anaphase, anaphase -anaphase and anaphase-telophase 
PMCs. The combination treatments of y-rays and EMS induced 
maximum frequency of PMCs showing cytomixis. The highest 
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frequency was recorded in 30KR+0.3%EMS (4.93%) for the var. 
Pusa-372 and (3.96%) for the var. Pusa-212. 
Disturbed polarity was commonly observed at A-II and T-11 
stages of meiosis (Plate-IV, Fig.31 ). The highest treatment of 
each mutagen produced maximum frequency of PMCs with 
disturbed polarity. However, combination treatments were found 
more effective than individual treatments of gamma rays and EMS 
in both the varieties. 
Micronuclei were frequently observed at telophase stage in 
almost all the mutagenic treatments (Plate-lV,Fig. 32). Frequency 
of micronuclei ranged from one to many per PMC and the highest 
treatments of each mutagen recorded highest number of PMCs 
showing micronuclei. 
In addition to the above mentioned meiotic abnormalities, a 
few aberrations like delayed separation of chromosomes at A-1 and 
nucleolar fragmentation were also noticed in some PMCs at higher 
dose treatments. Some anomalies like presence of univalents, 
stickiness and disturbed polarity were also observed in the control 
material, but their frequency was very low as compared to the 
treated populations. 
Perusal of the results in the Table 11 revealed that meiotic 
aberrations increased with the increase in dose/cone, of each 
mutagen both individually as well as in combination. The overall 
frequency of meiotic aberrations at various stages of meiosis 
indicated that mataphase aberrations were more common followed 
by anaphase or telophase aberrations. Combination treatments 
were most effective followed by gamma rays and EMS in inducing 
the maximum frequency of overall meiotic aberrations in both the 
varieties. The frequency of meiotic aberrations were comparatively 
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more in the var. Pusa-372. The values of 'k ' were less than 
additive in all the combination treatments. 
4.1.4: Studies on quantitative characters 
In Ml generation, the effect of gamma rays, EMS and their 
combination treatments was studied on 8 quantitative traits viz. 
days to flowering, plant height, days to maturity, number of 
primary branches per plant, number of pods per plant, number of 
seeds per pod, 100 seed weight (g) and total yield per plant (g). 
Data on all these polygenic traits and the comparative effect of 
mutagens on mean and coefficient of variation in the two varieties 
of chickpea are summarized in the Tables 12-15. 
It is generally believed that after mutagenic treatment, mean 
values remain unchanged despite the increase in variance. A 
perusal of the results on various quantitative traits revealed that 
each trait was affected individually by the mutagen and the 
differential varietal response to different mutagens was also 
observed. 
Days taken to flowering and maturity increased as compared 
to the control at higher treatments, whereas, a negative shift was 
observed in some lower treatments. On the other hand, plant 
height, number of primary branches/plant, number of pods/plant 
and seeds/pod had stimulatory effect in some lower dose 
treatments where as significant decrease was observed at higher 
dose treatments of each mutagen. 
Interestingly, the hundred seed weight increased in all the 
gamma ray treatments in the var. Pusa-212, whereas, only higher 
doses of gamma rays (30KR and 40KR) showed stimulatory effect 
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0.3%) were most effective in increasing the seed weight in the var. 
Pusa-212 and var. Pusa-372, respectively. The lower dose 
combination treatments significantly increased the seed weight, 
whileas a significant reduction in seed weight was observed in 
higher dose combinations in both the varieties. Plant seed yield 
increased in some lower or intermediate dose treatments of gamma 
rays and EMS, whereas, a dose dependent reduction in yield was 
observed in the combination treatments in both the varieties, 
although 20KR+0.2%EMS showed stimulatory effect in the var. 
Pusa-212. 
The p_poled mean values of all quantitative traits for 
different mutagens (Tables 14-15) indicated that gamma rays had 
stimulatory effect for most of the traits, whereas, EMS and 
combination treatments had stimulatory effect on days to 
flowering and maturity and seed weight. Combination treatments 
were in general, found most effective except for number of 
primary branches, v/here EMS was most effective in both the 
varieties. 
The polygenic variability measured in terms of coefficient of 
variation increased in all the mutagenic treatments as compared to 
control. Maximum C.V. was recorded for number of primary 
branches/plant followed by total yield per plant and plant height in 
both the varieties. In general, combination treatments induced 
maximum variability followed by EMS and gamma rays for all 
polygenic traits. The only exception was number of primary 
branches/plant, where EMS in the var. Pusa-212 and gamma rays 
in the var. Pusa-372 proved to be most effective in inducing the 
maximum variability. 
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4.2: Studies in M2 Generation 
4.2.1: Seed germination 
Seed germination in the untreated populations (control) was 
91.53% and 93.60% in the var. Pusa-212 and var. Pusa-372, 
respectively. In treated populations a dose dependent decrease in 
the germination and increase in per cent inhibition was observed 
in EMS treatments only. The highest inhibition percentage 
(28.40%) was recorded at 0.4% EMS in the var. Pusa-212. In the 
var. Pusa-372, the maximum inhibition percentage (29.06%) was 
observed in the combination treatment of 30KR+0.3%EMS. 
Although seed germination continued to decrease in the mutagnic 
treatments in M2 but the extent of inhibition was comparatively 
low as observed in the Mi, showing that the effect of mutagens 
ceased to some extent in Mi- The pooled mean values indicated 
that EMS treatments in the var. Pusa-212 and combination 
treatments in the var. Pusa-372 were most effective in reducing the 
germination percentage. Gamma rays were least effective in this 
regard. In all the combination treatments the effect on germination 
was less than additive (Tables 16-17). 
4.2.2: Plant survival 
In all the mutagenic treatments, survival percentage was 
reduced as compared to control in both the varieties. However, the 
reduction was less as compared to M]. Dose dependent reduction 
in survival percentage was achieved in the combination treatments 
(var. Pusa-212) and EMS treatments (var. Pusa-372). Maximum 
lethality 22.93% (var. Pusa-212) and 26.08% (var. Pusa-372) was 
recorded in the combination treatments 30KR+0.3%EMS and 20KR 
+0.3%EMS, respectively. The pooled mean values indicated that 
combination treatments continued to be most effective followed by 
EMS and gamma rays in reducing the survival percentage in botli 
varieties (Tables 16-17). 
It is interesting to note that the values of 'k ' increased in 
some combination treatments showing signs of synergistic effect 
in the M2 as compared to Mi generation. The synergistic effects 
were recorded at 20KR+0.3%EMS (k=1.34) and 30KR+0.3%EMS 
(k=1.40) in the var. Pusa-212 and 20 KR+0.2%EMS (k=1.09) and 
20KR+0.3%EMS (k=1.22) in the var. Pusa-372. The other 
combination treatments showed less than additive effects. 
4.2.3: Pollen fertility 
The pollen fertility generally decreased and consequently 
sterility increased with an increase in the mutagenic treatments but 
with a few exceptions. As compared to Mi, less sterility was 
observed in the M2 treated populations. However, the order of 
effectiveness as shown by the pooled mean values remained same 
viz; y-rays +EMS>EMS> y -rays as in M^ 
The values of 'k ' were less than additive in all the 
combination treatments in the var. Pusa-212. However, in the var. 
Pusa-372, synergistic effect was achieved at 20KR+0.3%EMS 
(k=1.24), whileas the lower dose combination treatment (20KR+ 
0.2%EMS) showed additive effect (k=1.02) (Tables 16-17). 
4.2.4: Chlorophyll mutations 
Based on the intensity of pigmentation at seedling stage, 6 
types of chlorophyll mutants were isolated in the segregating M2 
plants of both the varieties of chickpea viz. albina, chlorina, 
maculata, tigrina, virescence and xantha. All these types of 
chlorophyll mutants were isolated in the individual as well as in 
the combination treatments of y -rays and EMS, but their 
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frequency was different in different mutagens and the varietal 
sensitivity was also observed. A brief description of these 
chlorophyll mutants is given below, 
Albina : Seedlings were white in colour and relatively smaller 
than the normal looking seedlings of the same age, the 
mutants survived for seven to ten days only. 
Chlorina : The seedlings were either light green or pale yellowish-
green to yellowish-green in colour, the seedlings 
survived for 20-30 days and finally died. 
Maculata: Seedlings showed yellow or whitish dots on their leaves 
and some times on stem too, the mutants either died 
within 30-40 days or survived till maturity but no seed 
set was observed. 
Tigrina : This mutant had characteristic transverse yellowish and 
whitish bands on their leaves and had survived till 
maturity producing a few seeds. 
Virescence : Seedlings were light yellow or light green in the 
early stage but later on became dark green, The mutants 
produced normal looking flower and also set a few 
seeds. 
Xantha : Seedlings were straw yellow in colour, showed normal 
growth in the beginning but started withering away on 
the 13"" day and ultimately died within twenty days. 
4.2.4.1: Frequency and spectrum of chlorophyll mutations 
A detailed analysis of frequency of chlorophyll mutations 
induced by physical and chemical mutagens in chickpea are 
presented in the Tables 18-19. 
The chlorophyll mutation frequency was calculated on Mi 
progeny as well as on M2 population basis. However, the trend of 
mutation frequency was more or less similar in both the methods. 
Therefore, the results are described on M2 population basis. 
It is clear from the tables that the two varieties of chickpea 
differed in their response to different mutagens in relation to 
frequency of chlorophyll mutations and the var. Pusa-372 appeared 
to produce more chlorophyll mutations than the var. Pusa-212. The 
frequency of chlorophyll mutations increased with an increase in 
dose/treatment. However, in some cases a slight decline was 
observed at the highest dose of individual as well as combination 
treatments. Moreover, frequency of xantha mutants was highest 
followed by chlorina in the individual as well as combination 
treatments. Although gamma rays induced higher frequency of 
albina than EMS, the highest frequency of albina was observed in 
the combination treatments. The overall frequency of chlorophyll 
mutations in each mutagen indicated clearly that combination 
treatments were most effective in inducing maximum chlorophyll 
mutations. 
The interaction coefficient was almost additive at 20KR+ 
0.2%EMS and 20KR+0.3%EMS dose treatment in the var. Pusa-
212. Most of the combination treatments showed less than additive 
effects in the var. Pusa-372. The only exception was 20KR+ 
0.3%EMS, which produced synergistic or more than additive 
effect. 
4.2.5. Mutagenic effectiveness and efficiency 
Mutagenic effectiveness based on chlorophyll mutations per 
M2 plants was calculated to assess the frequency of mutations 
induced by each dose/cone, of the mutagens. 
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Perusal of results (Tables 20-21) revealed that effectiveness 
of various mutagens and the response of varieties was varying. In 
case of gamma rays, the effectiveness increased with an increase 
in dose from 15KR to 40KR in the var. Pusa-212, whereas, it 
decreased beyond the dose of 30KR in the var. Pusa-372. Among 
EMS treatments, effectiveness initially increased with the increase 
in treatment dose but decreased at the higher treatments (0.4% 
EMS). In the var. Pusa-212 0.3% EMS and in the var. Pusa-372, 
0.2% EMS proved to be most effective. However, in combination 
treatments, 20KR+0.3%EMS was most effective in both the 
varieties. 
In general, EMS proved to be more effective in causing 
mutations as compared to gamma rays and the combination 
treatments. The gamma rays were least effective in this regard. 
Between the two varieties the response to mutagenic effectiveness 
was more in the var. Pusa-372 than in the var. Pusa-212. 
Mutagenic efficiency refers to the proportion of mutations in 
M2 in relation to the biological damage caused in the Mi 
generation. The mutagenic efficiency was calculated by using four 
different criteria, viz; 
a) Mutagenic efficiency based on Injury (Mf/I) 
b) Mutagenic efficiency based on lethality (Mf/L) 
c) Mutagenic efficiency based on sterility (Mf/S) 
d) Mutagenic efficiency based on meiotic aberrations (Mf/M) 
The mutagenic efficiency seemed to vary depending on the 
criteria selected for its estimation and the degree of efficiency of 
various mutagens also showed variation (Tables 20-22), 
The efficiency calculated on the basis of seedling injury was 
generally higher followed by the efficiency based on meiotic 
aberrations as compared with that based on lethality and sterility 
in both the varieties of chickpea. 
Mutagenic efficiency increased with an increase in the dose 
of gamma rays in the var. Pusa-212 except when estimated on the 
lethality basis, where it decreased at the highest dose (40KR). 
Contrarily, in the var. Pusa-372, mutagenic efficiency increased 
upto 30KR dose but decreased at the highest dose. The 
intermediate dose treatments of EMS were more efficient than the 
lower and higher dose treatments in both the varieties. Among the 
combination treatments, gamma rays with 0.2% EMS proved to be 
more efficient than other combinations. 
Mutation rate based on lethality, sterility and injury was 
highest among the combination treatments in both the varieties. 
The EMS in turn was more efficient than gamma rays. However, 
EMS turned out to be most efficient on the basis of meiotic 
aberrations in the var. Pusa-212 and was comparable with 
combination treatments in the var. Pusa-372. Gamma rays 
appeared to be least efficient for all the criteria used (Table«22). 
4.2.6: Morphological mutations 
To understand the response of two chickpea varieties to 
different types of mutagenic treatments, the control as well as 
treated populations were screened carefully to identify various 
types of viable morphological mutations (Macromutations) at 
different stages of growth in the M2 generation. A detailed 
analysis of frequency of morphological mutations induced by 
gamma rays, EMS and combination treatments is presented in the 
Tables 23-24 and Plates-V-XI, Figs. 1-30). The frequency of each 
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mutant type out of the total morphological mutations and the 
frequency induced by three different mutagens are shown in the 
Tables 25-26. 
A wide range of viable morphological mutations affecting 
almost all parts of the plant and seed characteristics were isolated 
in M2 generation. All these macromutations were classified on the 
basis of trait affected and their frequency was computed as in case 
of chlorophyll mutations. There were differences in the mutation 
spectrum both inbetween the varieties and among mutagenic 
treatments. However, many similarities were also noticed between 
the two varieties in respect to spectrum and frequency of a 
particular mutation. A brief description of viable macromutations 
is given below. 
1. Mutations affecting plant height 
a) Tall mutants: These mutants had remarkable increase in 
plant height (70-85cm) and were isolated in all mutagens 
except gamma rays in the var. Pusa-372. Combination 
treatments induced maximum frequency of tall mutants. The 
frequency of tall mutants was 7.62% (Var. Pusa-212) and 
5.13% (var. Pusa-372) of the total morphological mutations. 
The mutants produced less branches and the pod number was 
also low as compared to the parental variety. 
b) Dwarf mutants 
These mutants were isolated in higher dose treatments of all 
the mutagens. The plant height ranged from 20-30 cm with profuse 
branching at the base, short internodes and comparatively smaller 
pods. Of the total viable mutations, the proportion of dwarf 
mutants remained 11.90% (var. Pusa-212) and 9.57% (var. Pusa-
74 
372), however, their frequency was maximum in combination 
treatments. 
2. Mutations affecting growth habit 
a) Bushy, compact and dark green mutants 
Isolated at higher dose treatments, these mutants were 
dwarf due to reduction in height, condensed internodes and 
compactness of branches. The leaflets were normal but closely 
placed together and dark green in colour. Pollen sterility was very 
high (60-80%) which ultimately resulted in the failure of pod 
formation. The frequency of these mutants was 7.62% (var. Pusa-
212) and 9.57% (var. Pusa-372) of the total viable mutations. 
b). Prostrate mutants 
These mutants were initially straight but later on acquired 
trailing habit. The branching was sparse running close to the 
ground. Pollen sterility ranged from 35-50% and seed set was very 
low. They were isolated from gamma rays and combination 
treatments only and their frequency was 3.33% and 2.66% of the 
total viable mutations in the var. Pusa-212 and Pusa-372, 
respectively. 
3. Mutations affecting leaf morphology 
One of the most common alterations in the appearance of 
plants due to mutagenic treatments was the modification of leaf 
shape. Different types of leaf shape mutants were isolated. All 
these types were more frequently induced by combination 
treatments. Gamma rays and EMS produced a few types of such 
mutants. 
75 
a) Broad leaved, gigas mutants 
Isolated from gamma rays and combination treatments, 
these mutants were tall looking with less number of secondary 
branches and were vigorous with large thick hairy leaflets and 
profuse secondary branches. The leaflets were closely placed and 
pod size had increased containing few bold seeds. The frequency 
of these true-breeding mutants was 4.76% and 3.72% of the total 
macromutations in the var. Pusa-212 and Pusa-372, respectively. 
b) Small, narrow leaved mutants 
These mutants had small or narrow needle like long leaflets. 
Branching was normal but pods were relatively narrow with 
tapering tip. Both flowering and maturity was delayed and the 
pollen sterility was 30-40% resulting into less number of pods 
than the control variety. The frequency of such mutants was 7.14% 
and 10.64% in the var. Pusa-212 and var. Pusa-372, respectively. 
c) Trifoliate or apinnate mutants 
This characteristic mutant was isolated in the higher dose 
combination treatments in the var. Pusa-212 only. Instead of 12-14 
leaflets observed in the control, there were only 3 leaflets on each 
rachis-one at the tip and one on each side of the terminal leaflet 
giving an appearance of trifoliate leaf. The branching was profuse 
at the base and the floral parts of the mutant were poorly 
developed and rudimentary. No seed set was recorded in these 
mutants and their frequency was comparatively low (2.86%). 
d) Reduced number of leaflets 
Isolated in the EMS and combination treatments only, these 
mutants were characterized by 5-7 leaflets on each rachis. The 
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Table 23: Frequency of mutations affecting morphological characters in 
mutagen treated chickpea (Cicer arietinum L.) Var. Pusa-212 
Mutant type 
Plant height 
Tall 
Dwarf 
Growth habit 
Bushy, compact, darkgreen 
Prostrate 
Leaf 
Broad leaved, gigas 
Small/narrow leaved 
Trifoliate type 
Reduced no. of leaflets 
Deep serrated leaflets 
Flower 
Double flower 
Violet/white flower 
Non flowering, vegetative 
Maturity 
Early flowering 
Late flowering 
Pod/seed 
Bold 
Small 
Yield 
Braches/plant 
Pods/plant 
Total 
y-rays 
0.06 
0.10 
-
0.08 
0.12 
0.04 
-
-
-
-
-
0.06 
0.10 
0.04 
0.12 
0.04 
0.04 
0.10 
0.90 
EMS 
0.11 
0.18 
0.15 
-
-
0.13 
-
0.07 
0.09 
0.07 
-
0.11 
0.09 
0.11 
-
0.11 
0.11 
0.15 
1.48 
y- rays + 
EMS 
0.17 
0.26 
0.19 
0.06 
0.09 
0.15 
0.13 
0.15 
0.04 
0.11 
-
0.17 
-
0.11 
0,06 
0.13 
0.15 
0.13 
2.10 
Total 
0.34 
0.54 
0.34 
0.14 
0.21 
0,32 
0.13 
0,22 
0,13 
0,18 
-
0,34 
0,19 
0,26 
0,18 
0,28 
0,30 
0,38 
4,48 
'^ Frequency (%) based on total number of M2 plants in each mutagen 
Table 24: Frequency of mutations affecting morphological characters in 
mutagen treated chickpea {Cicer arietimim L.) Var. Pusa-372 
Mutant type 
Plant height 
Tall 
Dwarf 
Growth habit 
Bushy, compact, darkgreen 
Prostrate 
Leaf 
Broad leaved, gigas 
Small/narrow leaved 
Trifoliate type 
Reduced no. of leaflets 
Deep serrated leaflets 
Flower 
Double flower 
Violet/white flower 
Non flowering, vegetative 
Maturity 
Early flowering 
Late flowering 
Pod/seed 
Bold 
Small 
Yield 
Braches/plant 
Pods/plant 
Total 
y-rays 
-
OTO 
0.06 
0.02 
0.08 
0.14 
-
-
0.06 
-
-
0.12 
-
0.04 
0.08 
0.04 
0.06 
0.12 
0.92 
EMS 
0.08 
0.10 
0.13 
-
-
0.10 
-
-
0.10 
-
0.10 
0.17 
0.06 
0.08 
-
0.13 
0.10 
0.08 
1.23 
y- rays + 
EMS 
0.13 
0.18 
0.20 
0.09 
0.07 
0.17 
-
0.09 
-
0.06 
-
0.26 
0.04 
0.07 
0.11 
0.09 
0.11 
0.13 
1.80 
Total 
0.21 
0.38 
0.39 
0.11 
0.15 
0.41 
-
0.09 
0.16 
0.06 
0.10 
0.55 
0.10 
0,19 
0.19 
0.26 
0.27 
0.33 
3.95 
^Frequency (%) based on total number of M2 plants in each mutagen 
secondary branching was very high but short in length and the 
plants were straight with comparatively less spreading. One 
category of such mutants was characterized by double flowers on a 
common peduncle. These flowers were, however, weak with open 
keel, pistil and androecium naked. The pollen sterility of all these 
mutants ranged from 40-60% and very few shrunken compressed 
seeds were produced which failed to germinate in the successive 
generation. The frequency of these mutants was 4.76% (var. Pusa-
212) and 2.13%(var. Pusa-372) of the total viable macromutations. 
e) Deep serrated mutants 
Plants were competitively dwarf (30-40cm) with less 
branching at the base. The leaflets were broader in size but each 
leaflet had deep serration along the margins. The plants were 
fertile and pod and seed set was normal. The frequency of such 
mutants was 2.86% (var. Pusa-212) and 4.25% (var. Pusa-372) of 
the total morphological mutations. 
4. Mutations affecting flower characters 
a) Double flower mutants 
Isolated in the EMS and combination treatments only, the 
plants were tall with 2-4 branches at the base. The leaflets were 
broader, longer, dark green and deeply serrated. The most 
characteristic feature of these mutants was that two normal flowers 
were borne on a common peduncle in which only one of the flower 
was able to develop into pod. Pollen sterility ranged from 40-50% 
and very few bold seeds were produced. The frequency of these 
mutants was 3.81% and- 1^ .59%, in th^ .e var. Pusa-212 and var. Pusa-
'' '\ rKcc.Mo )'"*[ 
372, 
b) Voilet-white flower mutant 
This true breeding mutant was isolated from 0.3% EMS 
population in the var. Pusa-372. The mutant was characterised by 
violet flowers which gradually turned to white instead of pink 
coloured flowers observed in the parental variety. Flowering was 
delayed and the seeds were light yellow in colour with a greenish 
tinge. The quantitative characters of this mutant (Pusa-372-C) are 
shown in the Table 61. 
c) Non-flowering vegetative mutants 
These mutants were frequently isolated from the higher dose 
treatments of all mutagens. Plants had dark green foliage, short 
internodes and compact leaflets. The branching was profuse at the 
base giving rise to dense interwoven secondary branches which 
ultimately made the mutants compact. The pedicel length was 
reduced and flower buds were unable to open. The frequency of 
these mutants was 7.62% (var. Pusa-212) and 13.83% (var. Pusa-
372) of the total morphological mutations. 
5. Mutations affecting maturity 
a) Early flowering mutants 
These mutants started flowering 7-10 days earlier and 
maturity was also reduced accordingly. Plants were normal, fertile 
and true breeding to their types in M3. The proportion of such 
mutants was 4.28% and 2.66% in the var. Pusa-212 and Pusa-372, 
respectively. 
b) Late flowering mutants 
These mutants were associated with reduced plant height 
and high pollen sterility (25-35%). Flowering was delayed by 10-
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15 days and the seed set was low. Their frequency was 5.71% and 
4.79% in the var. Pusa-212 and Pusa-372, respectively. 
6. Mutations affecting pod and seed 
Isolated from gamma rays and combination treatments only, 
the frequency of bold seeded mutants was 4.28% (var. Pusa-212) 
and 4.78% (var. Pusa-372) of the total viable macromutations. 
These mutants were associated with vigorous growth, broad 
leaflets, large sized flowers and increased pod size with one or 
few bold seeds in each pod. However, the degree of boldness 
varied in the different mutants. Interestingly, three bold seeded 
mutants with different seed shape were also isolated as high 
yielding mutants in the var. Pusa-212. The data on quantitative 
characters of these mutants is shown in the Table 60. Their brief 
morphological description is given below: 
(i) Pusa-212 -A 
Isolated from 30 KR gamma rays, plants were upright 
straight with light green foliage. The leaf size had increased and 
leaflets were broad. Flowers were comparatively large and pod 
size had also increased. The seeds were bold, round, smooth with 
bright yellow seed coat. The mutant was observed to be true 
breeding to its type. 
(ii) Pusa-212-C 
Isolated from 40 KR gamma rays population, the mutant was 
unique in the sense that almost all morphological parts (leaf, 
petiole, flower, pod, seed etc.) were double in size than the 
respective parts in the parental variety. The mutant was true 
breeding to its type in M3. Plants were initially straight but later 
on acquired trailing habit due to heavy secondary branching. Pods 
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were large in size but remained almost 50% empty, as very few 
(1-2) bold and wrinkled seeds were present in each pod. 
(iii) Pusa-212-F 
This mutant was isolated from the combination treatment 
20KR+0.3%EMS. Plants were tall with dark green foliage. 
Branches were comparatively thicker and harder at the base. Pod 
size had slightly increased which bore 1-2 bold seeds each. The 
seeds were dark yellow with rough and hard seed coat. I'hc mutant 
was true breeding to its type in M3. 
b) Small seeded mutants 
These mutants were associated with dwarfness and 
compactness. The pods were small with 1-2 small seeds in each 
pod. The proportion of these mutants was 6.19% (var. Pusa-212) 
and 6.38% (var. Pusa-372) among the viable macromutations. 
7. Mutations affecting yield 
a) Increased number of branches 
Two types of mutants with increased number of primary 
(10-13) or secondary branches (30-40) were isolated from the 
intermediate dose treatments in the individual as well as 
combination treatments. The mutants had luxuriant growth and 
were associated with increased number of flowers and 
consequently more pods per plant (170-220) than corresponding 
controls (128-162). The frequency of such mutants was 6.17% 
(var. Pusa-212) and 6.91% (var. Pusa-372) of the total 
morphological mutations. 
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Table 25: Proportion of different morphological mutations isolated in M2 
generation in chickpea (Cicer arietinum L.) 
Mutant type 
Tall 
Dwarf 
Bushy, compact, darkgreen 
Prostrate 
Broad leaved, gigas 
Small/narrow leaved 
Trifoliate type 
Reduced no. of leaflets 
Deep serrated leaflets 
Double flower 
Violet/white flower 
Non flowering, vegetative 
Early flowering 
Late flowering 
Bold pod/seed 
Small pod/seed 
Branches per plant 
Pods per plant 
*Frequency (%) 
Var. Pusa-212 Van 
7,62 
11.90 
7.62 
3,33 
4.76 
7.14 
2.86 
4.76 
2.86 
3,81 
-
7,62 
4,28 
5.71 
4,28 
6.19 
6.67 
8.57 
Pusa-372 
5.31 
9.57 
9.57 
2,66 
3,72 
10,64 
-
2.13 
4,25 
1,59 
2,66 
13,83 
2,66 
4,79 
4.78 
6.38 
6.91 
8,51 
Trequency based on total number of morphological mutations 
Table 26: Frequency of morphological mutations obtained with different 
mutagen in M2 generation in chickpea (C. arielinum L) 
% Mutated plants 
Variety y-rays EMS y-rays + EMS 
Pusa-212 21,43 31.90 46.67 
Pusa-372 24.47 31.91 43.62 
* Frequency based on total morphological mutations 
b) Increased number of pods 
Associated with either tallness or dwarfness these mutants 
were characterized by high yield due to increased number of pods 
per plant (190-240). Seeds were comparatively smaller in size than 
the parental variety. The frequency of these true breeding mutants 
was 8.57% and 8.51% in the var. Pusa-212 and Pusa-372, 
respectively. 
It is concluded that combination treatments induced highest 
frequency of most of the viable macromutations, EMS in turn was 
more efficient than gamma rays except for prostrate, broad leaved 
and bold seeded mutants which were absent in EMS treatments 
(Tables 23-24). Of the total morphological mutations, frequency of 
leaf mutations was highest (22.38%) in the var. Pusa-212 and 
(20.74%) in the var. Pusa-372. Among the three mutagens, 
combination treatments induced highest frequency 46.67% (var. 
Pusa-212) and 43.62% (var. Pusa-372) of viable macromutations. 
EMS was almost equally efficient in both the varieties, whereas 
gamma rays proved to be more efficient in the var. Pusa-372. In 
general, most of the viable morphological mutations were isolated 
from intermediate dose treatments of gamma rays and EMS and 
lower dose combination treatments. 
4.2.7. Quantitative characters 
Mutagenic effects of gamma rays, EMS and their 
combination treatments were studied on 8 quantitative traits in M2 
generation. The data of each character were subjected to statistical 
analyses to assess the extent of induced variation by different 
mutagenic treatments. Attempts were also made to screen 
micromutations through statistical methods of these polygenic 
traits. 
1. Days to flowering 
Data on mean, shift in the mean and various genetic 
parameters for days to flowering in the M2 generation are shown in 
Tables 27-28. 
The mean values for days to flowering showed both positive 
and negative shifts from the control values. Flowering was 
significantly delayed (P>0.01) at higher dose treatments, whereas, 
some lower dose treatments induced earliness especially in the 
var. Pusa-212. Mean days to flowering was reduced by 3-4 days at 
20KR+0.2%EMS (var. Pusa-212) and 2-3 days at 30KR (var. Pusa-
372). Similarly, flowering was delayed by 4-5 days in the var. 
Pusa -372 (20KR+0.3%EMS and 30KR+0.3%EMS). 
Phenotypic and genotypic coefficients of variation increased 
in the treated populations. In case of gamma rays maximum GCV 
(12.16%) was noticed at 20KR in the var. Pusa-372. Among EMS 
treatments, 0.2% EMS (var. Pusa-372) and 0.3%EMS (var. Pusa-
212) recorded maximum GCV of 10.75% and 10.63%, 
respectively. Whereas, in the combination treatments 30KR+0.2% 
EMS proved to be effective in this regard which recorded 10.85% 
and 10.22% GCV in the var. Pusa-212 and Pusa-372, respectively. 
Heritability and genetic advance had also increased in all 
the mutagenic treatments. In the var. Pusa-212, the highest 
heritability 85.84% was recorded at 0.3% EMS followed by 
76.72% (30KR+0.2EMS) and 67.23% (30KR). Similarly, in the 
var. Pusa-372 maximum heritability of 84.96%, 75.94% and 
66.69% were recorded at 20KR+0.2%EMS, 0.3%EMS and 40KR 
gamma rays, respectively. In the var. Pusa-212, 0.3%EMS 
recorded highest genetic advance (25.99%) followed by 
30KR+0.2%EMS (24.95%) and 40KR gamma rays (15.95%), 
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whereas in the var. Pusa-372 the highest values for genetic 
advance in three mutagens were recorded at 20KR (25.63%), 
0.2%EMS ( 22.68%) and 30KR+0.2%EMS (21.71%). 
In general, the intermediate dose treatments of gamma rays 
and EMS and lower dose combination treatments showed maximum 
values of PCV, GCV, h^ and genetic advance (GA) in both the 
varieties with a few exceptions. However no dose dependent 
relationship was noticed among the genetic parameters. 
2, Plant height (cm) 
The data recorded on plant height in M2 generation are 
presented in the Tables 29-30. 
Mean plant height shifted in both positive and negative 
direction, the negative shift was more pronounced especially at 
higher dose treatments in both the varieties. Plant height was 
reduced significantly (P>0.01) in the higher dose treatments of all 
mutagens. A significant increase in plant height (P>0.01) was 
noticed only in 20KR, 0.2%EMS and 20KR+0.2%EMS in the var. 
Pusa-212. Maximum reduction in plant height was noticed in the 
var. Pusa-372. However, in both the varieties, 0.4% EMS proved 
to be most effective in reducing the plant height to a greater 
extent. 
It is evident from the tables that all mutagenic treatments 
were capable of inducing immense variability in this character. 
Both, PCV and GCV were increased over the control in all the 
treatments. In the var. Pusa-212, the highest PCV (14.05%) and 
GCV (10.08%) were recorded at 0.2%EMS. Whereas in the var. 
Pusa-372, 20KR +0.2%EMS recorded the highest PCV (17.24%) 
and GCV (12.62%). The combination treatments in general were 
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most effective in inducing maximum variability m both the 
varieties. Among individual treatments, EMS in the var. Pusa-212 
and gamma rays in the var. Pusa-372 were comparatively more 
effective in this regard. 
Heritability estimates were generally high in all mutagenic 
treatments except 15KR gamma rays in the var. Pusa-212, where 
h' had decreased as compared to the control. In case of gamma 
rays, the highest heritability (67.89%) was recorded at 40KR in 
the var. Pusa-212. Among EMS treatments 0.3% EMS recorded the 
highest heritability (73.87%o), in the var. Pusa-372 whereas, in 
combination treatments it was 20KR+0.3%)EMS which induced 
maximum heritability (63.55%) in the var. Pusa-372. 
The highest values of genetic advance, 19.12%o (var. Pusa-
212) and 24.39% (var. Pusa-372) were recorded at 0.2% EMS and 
20KR+0.2%EMS respectively. 
3. Days to maturi ty 
Data on mean, shift in mean and various genetic parameters 
for days to maturity in M2 generation are presented in the Tables 
31-32. 
The general population means for days to maturity shifted 
in both positive and negative direction. In the var. Pusa-212, 
significant negative shift (P>0.01, 0.05) was observed in the 
intermediate dose treatments especially 0.3%) EMS and 
30KR+0.2%o EMS where maturity occurred 4-5 days earlier. 
Similarly, in the var. Pusa-372 mean days to maturity were 
significantly (P>0.01) reduced by 6 days at 30KR gamma rays and 
by 2-4 days at 20KR, 0.2% EMS and 20KR+0.2%EMS. The 
maturity time was delayed by 8 days in 0.4%o EMS followed by 
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30KR+0.3% EMS where it was 5-6 days late in the var. Pusa-212. 
In general, higher dose treatments had significantly delayed the 
maturity in both the varieties. 
Both PCV and GCV increased considerably in most of the 
treatments. EMS and combination treatments recorded highest 
PCV and GCV values in the var. Pusa-212 and Pusa-372, 
respectively. Among different treatments, the highest PCV 
(9.69%) and GCV (7.03%) were observed in the combination 
treatment (30KR+0.2% EMS) in the var. Pusa-372. 
The heritability estimates increased for all the mutagenic 
treatments. The highest heritability 79.09% (0.2% EMS) and 
76.33% (20KR+0.2%EMS) was observed in the var. Pusa-372 and 
Pusa-212, respectively. In gamma ray treatments maximum 
heritability was recorded at 40KR (68.48%) in the var. Pusa-372 
and 61.63% in the var. Pusa-212. 
Genetic advance also increased in all the mutagenic 
treatments. EMS treatment 0.3% recorded highest genetic 
advance (15.27%) followed by 30KR gamma rays (14.03%) and 
30KR+0.2%EMS (11.51%) in the var. Pusa-212. In the var. Pusa-
372 the highest genetic advance of 14.52%, 12.63% and 11.40% 
were recorded at 20KR+ 0.2% EMS, 0.2% EMS and 20KR, 
respectively. 
In general, intermediate dose treatments induced higher 
genetic variability. It is interesting to note that all the genetic 
parameters had decreased at higher dose treatments of all 
mutagens except for h values in both the varieties. 
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4. Number of primary branches per plant 
The data recorded on number of primary branches per plant 
in M2 generation are presented in the Tables 33-34. 
A critical analysis of the data revealed that mean number of 
branches per plant had increased in most of the mutagenic 
treatments. However, a significant increase (P >0.01, 0.05) was 
only noticed in the intermediate dose treatments of gamma rays 
and EMS and lower dose combination treatments. Combination 
treatments were found most effective in increasing the mean 
branches/plant. Gamma rays and EMS were almost comparable in 
this regard. The mean branches per plant had significantly reduced 
(P>0.01,0.05) at the higher dose treatments especially 0.4% EMS 
and 30KR+0.3% EMS in both the varieties. 
A considerable increase in phenotypic and genotypic 
coefficient of variation was observed in the treated populations. 
Among gamma rays treatments, 40KR recorded the highest PCV 
(50.59%) and GCV (32.00%) in the var. Pusa-372. In case of EMS 
treatments the highest PCV (48.10%) and GCV (31.42%) were 
recorded at 0.2% EMS and 0.4%EMS, respectively in the var. 
Pusa-212, whereas in case of combination treatments the highest 
PCV (55.02%) and GCV (34.49%) were recorded at 
20KR+0.3%EMS in the var. Pusa-372. In general, the order of 
effectiveness for inducing maximum variability was EMS > 
y-rays+ EMS > y-rays in the var. Pusa-212 and 7 -rays + EMS > 
y -rays>EMS in the var. Pusa-372. 
Heritability and genetic advance were also high in most of 
the treated populations as compared to controls. The exceptions 
were 15KR in the var. Pusa-212 and 15KR, 20KR, and 0.2% EMS 
in the var. Pusa-372, where h^ or GA remained low as compared 
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to controls. The highest hertability in the var. Pusa-212 and Pusa-
372 was recorded at 40KR (59.32%) and 30KR+0.3%EMS 
(63.08%), respectively. Similarly, the highest genetic advance in 
the two varieties was recorded at 0.4% EMS (59.55%) and 
20KR+0.3%EMS (57.09%), respectively. 
5) Number of pods per plant 
The data recorded for number of pods per plant in different 
mutagenic treatments and controls are presented in the Tables 
35-36. 
It is clearly evident from the table that a considerable 
positive and negative shifts in the mean values were recorded for 
almost all mutagenic treatments except the lower dose treatments 
of gamma rays and EMS where the shift was insignificant. A 
significant positive shift (P>0.01, 0.05) was noticed in the 
intermediate dose treatments and lower dose combination 
treatments of gamma rays and EMS. Whereas, a significant 
negative shift (P>0.01) was recorded in the higher dose treatments 
of all mutagens in both varieties. In the var. Pusa-212, the highest 
positive and negative shifts were recorded at 20KR+0.2%EMS and 
0.4% EMS, respectively, while in the var. Pusa-372 the highest 
positive and negative shifts were observed at 30KR and 
30KR+0.3%EMS, respectively. 
Both PCV and GCV increased in the mutagenic treatments 
with a few exceptions. Among the three mutagens, the highest 
GCV was recorded at 20KR+0.3%EMS (12.15%) and 40KR gamma 
rays (11.13%) in the var. Pusa-212 and Pusa-372, respectively. In 
general, EMS treatments alone and in combination with gamma 
rays were found more effective in inducing maximum variability 
in both the varieties as compared to gamma rays. 
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Heritability and genetic advance were also high in all the 
treatments. In the var. Pusa-212, the maximum heritability 
(77.28%) and genetic advance (24.72%) were observed at 0 .1% 
EMS and 20KR+0.3%EMS, respectively. Whereas, in the var. 
Pusa-372, maximum heritability (68.50%) and genetic advance 
(20.76%) were recorded at 20KR and 0.3% EMS, respectively. 
6. Number of seeds per pod 
Data recorded on number of seeds per pod in M2 generation 
are presented in the Tables 37-38. 
The average number of seeds per pod was not altered to a 
greater extent in the mutagenic treatments. Nevertheless, 
significant (P>0.01, 0.05) positive and negative shifts were 
observed in most of the treatments with a few exceptions. Among 
different treatments, 20KR and 30KR gamma rays, 0.2% EMS and 
20KR+0.2% EMS were proved to be more efficient for increasing 
the population means for number of seeds per pod. The higher 
treatments of all mutagens significantly reduced the average mean 
with a few exceptions. 
Phenotypic and genotypic coefficient of variation had 
increased in all the mutagenic treatments. The highest GCV values 
in the var. Pusa-212 for three mutagens were recorded at 40KR 
(7.42%), 0.4%EMS (6.85%) and 20KR+0.2%EMS (7.64%). 
Whereas, in the var. Pusa-372, the highest GCV was recorded at 
40KR (7.97%), 0.4%EMS (7.69%) and 20KR+0.3%EMS (6.34%). 
Heritability and genetic advance increased considerably in 
the treated populations, Among different mutagenic treatments, the 
highest heritability was recorded at 30KR (67.41%) and 20KR 
(66.15%) in the var. Pusa-212 and Pusa-372, respectively. 
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Similarly, the highest genetic advance in the two varieties was 
recorded at 20KR+0.2%EMS (14.84%) and 0.4%EMS (15.39%), 
respectively. 
7. 100 seed weight (g) 
The data recorded for 100 seed weight in M2 generation are 
shown in Tables 39-40. 
Mean shifted significantly (P>0.01, 0.05) in positive as well 
as negative directions in most of the mutagenic treatments with a 
few exceptions. The intermediate dose treatments of gamma rays 
and EMS and lower dose combination treatments significantly 
increased the mean 100 seed weight. Maximum 100 seed weight 
was recorded at 0.2% EMS in the var. Pusa-212 and 0.3% EMS in 
the var. Pusa-372. However, a significant reduction was noticed at 
0.4%) EMS in both the varieties and in higher dose combination 
treatments in the var. Pusa-212. In general, EMS was found to be 
more effective in altering the test weight in both the varieties. 
It is clearly evident from the table that a substantial amount 
of variability was created by the mutagenic treatments for this 
trait. In case of gamma rays, the highest PCV (13.48%) and GCV 
(7.92%o) were recorded at 30KR in the var. Pusa-212. Among EMS 
treatments the highest PCV (13.71%) and GCV (8.47%o) were 
recorded at 0.2% EMS in the var. Pusa-212, whereas, the 
combination treatments 30KR+0.3%) EMS recorded highest PCV 
(13.12%) but the highest GCV was recorded at 30KR+0.2%EMS 
(7.68%). In general, both PCV and GCV were low in the var. Pusa-
372 as compared to the var. Pusa-212. A decrease in variability at 
higher treatments of gamma rays and EMS was also noticed. 
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Heritability and genetic advance were quite higii in the 
treated populations as compared to the controls. In the var. Pusa-
212, maximum heritability (73.66%) and genetic advance (14.48%) 
were recorded at 20KR and 0.3% EMS, respectively. Whereas, in 
the var. Pusa-372, 0.3% EMS recorded the highest hertability 
(69.25%) and genetic advance (13.69%). 
8. Total yield per plant(g) 
The data recorded for total yield per plant in M2 generation 
is presented in the Tables 41-42. 
The mean shifted in positive as well as negative direction in 
the treated populations. A significant (P>0.01,0.05) increase in 
seed yield per plant was noticed in the intermediate dose 
treatments of gamma rays and EMS and lower dose combination 
treatments. The most effective treatments in this regard were 
20KR+0.2%EMS followed by 20KR gamma rays and 0.2% EMS in 
the var. Pusa-212; and 0,2% EMS followed by 30KR gamma rays 
in var. Pusa-372. Similarly, 30KR+0.3% EMS followed by 0.4% 
EMS and 40KR gamma rays proved to be most effective in 
significantly (P>0.01) reducing the seed yield per plant. Lower 
dose treatments of gamma rays and EMS were insignificant. 
A considerable amount of variability was induced by the 
mutagenic treatments. Both PCV and GCV had increased over the 
control in the treated populations. The highest GCV among gamma 
rays treatments was recorded at 30 KR (10.05% in the var. Pusa-
372 and 9.82% in the var. Pusa-212). Among EMS treatments, 
maximum GCV was recorded at 0.4% EMS (12.65%) and 0.3% 
EMS (10.73%) in the var. Pusa-372 and Pusa-212 respectively. In 
case of combination treatments 30KR+0.2%EMS recorded the 
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highest GCV of 14.15% (var. Pusa-212) and 13.51% (var. Pusa-
372). 
Heritability and genetic advance were quite high in most of 
the mutagenic treatments. Maximum heritability was recorded at 
0.2%EMS (51.67%) in the var. Pusa-212 and at 30KR gamma rays 
(49.94%)' in the var. Pusa-372. Similarly, the highest genetic 
advance 18.74% and 22.45% were recorded at 30KR+0.2%EMS in 
the \a r . Pusa-212 and Pusa-372, respectively. 
It is concluded that EMS treatments alone and in 
combination with gamma rays altered the mean seed yield per 
plant to a greater extent and induced maximum genetic variability 
compared to gamma rays alone. 
4.3: Studies in M3 generation 
Based on the yield performance, two treatments of each 
gamma rays, EMS and combination treatments were selected in M3 
generation in both the varieties of chickpea and the data on 8 
quantitative characters were recorded along with controls: 
1. Days to flowering 
Data recorded on days to flowering in M3 generation are 
presented in the Tables 43-44. 
The mean flowering time had significantly reduced (P>0.01, 
0.05) in most of the treatments. 0.2% EMS proved to be most 
effective in this regard where mean days to flowering had reduced 
by 4-6 days in both the varieties. This was followed by 30KR 
gamma rays which recorded 2-4 days early flowering. In general, 
EMS followed by gamma rays were most effective in reducing the 
flowering time in both the varieties. 
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Although phenotypic and genotypic coefficients of variation 
were significantly high in the treated populations, but the extent of 
variability was comparatively low as observed in M2 generations. 
In the var. Pusa-212, the highest PCV (11.51%) and GCV (9.46%) 
were recorded at 30KR+0.2%EMS. Similarly, in the var. Pusa-372, 
the highest PCV (13.80%) and GCV (10.72%) were recorded at 
20KR gamma rays. 
Both heritability and genetic advance increased over the 
control in all the treated populations. In the var. Pusa-212, the 
highest heritability was recorded at 20KR+0.2%EMS (89.58%) 
followed by 0.3%EMS (76.35%) and 20KR gamma rays (69.25%). 
Similarly, in the var. Pusa-372, the highest heritability was 
recorded at 0.2% EMS (91.40%) followed by 20KR+0.2% EMS 
(81.15%) and 0.3% EMS (72.14%). The highest genetic advance 
was recorded at 20KR+0.2% EMS (21.22%) and 0.2% EMS 
(22.27%) in the var. Pusa-212 and Pusa-372, respectively. In 
general, gamma rays showed low heritability and genetic advance 
values than EMS and combination treatments. Moreover both 
heritability and genetic advance had increased in M3 as compared 
to M2 in most of the treatments with a few exceptions. 
2. Plant height 
Data recorded on plant height in M3 generation are 
presented in the Tables 45-46. 
A significant (P>0.01, 0.05) positive and negative shift in 
mean plant height was noticed in all the treatments except 20KR 
gamma rays in the var. Pusa-372 where the plant height was not 
altered to a greater extent. Gamma rays in general showed increase 
in plant height, the maximum increase being recorded at 20KR in 
the var. Pusa-212. In case of EMS treatments, 0.2% EMS only 
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showed increase in the plant height in the var. Pusa-212. The rest 
of the treatments showed negative shift. The maximum reduction 
in mean plant height was noticed in 0.3% EMS in the var. Pusa-
212, whereas, 0.2% EMS proved to be effective in the var. Pusa-
372. Similarly, in combination treatments the plant height had 
significantly reduced (P>0.01) at 20KR+0.2%EMS in the var. 
Pusa-372, but increased in the var. Pusa-212. However, reverse 
was true for 30KR+0.2%EMS. It seems that the two varieties 
responded differently to different treatments. 
Phenotypic and genotypic coefficient of variation remained 
high in all the mutagenic treatments. However, the extent of 
variability was low as compared to M2 generation in the respective 
treatments. Var. Pusa-212 recorded the highest GCV (7.70%) at 
0.3%EMS, whereas, the var. Pusa-372 recorded maximum GCV 
(8.47%) at 30KR+0.2%EMS. In general, EMS alone and in 
combination with gamma rays induced maximum variability as 
compared to gamma rays alone. 
Heritability estimates increased in M3 in all treatments 
compared to M2. In the var. Pusa-212 maximum heritability was 
recorded at 20KR+0.2%EMS (88.32%) followed by 30KR gamma 
rays (82.33%) and 0.3% EMS (77.54%). Similarly, in the var. 
Pusa-372 the highest heritability of 83.22%, 74.64% and 71.64% 
were recorded at 0.3% EMS, 20KR gamma rays and 
20KR+0.2%EMS, respectively. The genetic advance was similarly 
affected. In general, 0.3%EMS recorded the highest genetic 
advance in both the varieties. 
3 Days to maturity 
The data recorded on days to maturity in M3 generation are 
shown in the Tables 47-48. 
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The mean days taken to maturity were significantly reduced 
(P>0.0 1,0.05) in most of the treatments except 20KR gamma rays 
in the var. Pusa-212 and 0.3% EMS in the var. Pusa-?72. 
Flowering time was reduced by 2-4 days in the var. Pusa-212 and 
3-6 days in the var. Pusa-372 in different treatments. 
Both PCV and GCV were increased over the control with a 
few exceptions. The extent of induced variability, however, was 
low in M3 as compared to M2. 
Heritability and genetic advance estimates were quite high 
in the treated populations in M3 as compared to M2 with some 
exceptions. The maximum heritability was recorded in 30KR 
gamma rays (87.08%) and 0.2%) EMS (86.63%)) in the var. Pusa-
212 and Pusa-372, respectively. Similarly, highest genetic advance 
was observed at 0.2%o EMS (13.53yo) and 20KR+0.2%oEMS 
(12.55%)) in the two varieties, respectively. 
4. Number of primary branches per plant 
The data recorded on number of primary branches per plant 
in M3 generation are shown in the Tables 49-50. 
A significant increase (P>0.01) in mean branches per plant 
was observed in all the mutagenic treatments in both the varieties. 
Among different treatments, 0.3%o EMS in the var. Pusa-212 and 
20KR+0.2% EMS in the var. Pusa-372 proved to be most effective 
in increasing the mean number of branches per plant. In general, 
EMS alone and in combination with gamma rays was found more 
effective than gamma rays alone in increasing the mean number of 
branches per plant. 
PCV and GCV continued to remain high in the treated 
populations as compared to controls. The extent of induced 
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variability was low in M3 as compared to M2 in most of the 
mutagenic treatments. However, in some treatments viz. 30 KR 
gamma rays and 20KR+0.2%EMS in the var. Pusa-212 and 
0.3%EMS in the var. Pusa-372, the amount of induced variability 
was more in M3 as compared to M2. The highest PCV and GCV 
were recorded at 0.2% and 0.3%EMS in the var. Pusa-212 and 
Pusa-372, respectively. 
Heritability and genetic advance estimates were also high in 
the treated population as compared to control. Maximum 
heritability was recorded at 20KR+0.2%EMS (70.68%) and 
30KR+0.2%oEMS (67.76%) in the var. Pusa-212 and Pusa-372, 
respectively. Similarly the highest genetic advance 56.83%) and 
50.56% were recorded at 20KR+0.2%EMS in the var. Pusa-212 
and Pusa-372, respectively. In general, heritability and genetic 
advance increased in M3 as compared to M2 in most of the 
treatments. 
5. Number of pods per plant 
The data recorded on number of pods per plant in M3 
generation are presented in the Tables 51-52. 
All the selected treatments showed significant improvement 
(P>0.01) in the number of pods per plant in both the varieties. The 
mean pods per plant increased further in M3 than in the M2 
generation. The maximum increase was noticed at 30KR+0.2% 
EMS in the var. Pusa-212 and 0.2%EMS in the var. Pusa-372. 
It is interesting to note that genetic variability increased in 
M3 as compared to M2 in most of the treatments, although 
phenotypic variability remained comparatively low. The highest 
GCV was recorded at 20KR+0.2%EMS (10.50%) followed by 
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0.3%EMS (9.82%) in the var. Pusa-212 and 20KR+0.2%EMS 
(10.19%) followed by 30KR+0.2%EMS (9.56%) in the var. Pusa-
372. In general, EMS alone and in combination with gamma rays 
induced maximum variability than gamma rays alone. 
Heritability and genetic advance also showed some 
improvement in M3 over M2 with a few exceptions. The maximum 
heritability was recorded at 0.3% EMS (82.26%) and 
30KR+0.2%EMS (75.70%), whereas, the maximum genetic 
advance was recorded at 20KR+0.2% EMS (24.25%) and 
30KR+0.2%EMS (21.95%) in the var. Pusa-212 and var. Pusa-372, 
respectively. 
6. Number of seeds per pod 
The data recorded for the number of seeds per pod in M3 
generation are shown in the Tables 53-54. 
The mean seeds per pod increased significantly (P>0.01, 
0.05) in almost all the selected treatments. In general, 20KR 
gamma rays, 0.2% EMS and 20KR+0.2%EMS were found 
comparatively more effective in increasing the average seeds per 
pod than rest of the treatments in both the varieties. 
All the genetic parameters continued to increase further in 
M3 in most of the treatments with a few exceptions. The highest 
PCV (11.13% and 10.70%) and GCV (9.66% and 9.41%) were 
recorded at 0.2% EMS in the var. Pusa-212 and Pusa-372, 
respectively. Similarly maximum heritability was recorded at 
30KR gamma rays (86.23%) in the var. Pusa-372 and 0.3% EMS 
(84.89%) in the var. Pusa-212. The highest genetic advance was 
recorded at 0.2% EMS in both varieties. 
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8. 100 seed weight (g) 
The data recorded on 100 seed weight in M3 generation are 
presented in the Tables 55-56. 
The mean 100 seed weight increased significantly 
(P>0.01%) in all the selected treatments as compared to control. 
However, the most effective treatments in this regard were 0.2% 
EMS and 30KR+0.2%EMS in the var. Pusa-212 and Pusa-372, 
respectively. 
All the genetic parameters were quite high in the treated 
populations as compared to control. In the var. Pusa-212, the 
highest PCV (12.71%) and GCV (9.66%) were recorded at 
0.3%EMS and 30KR+0.2%EMS, respectively, whereas, in the var. 
Pusa-372, 0.3%EMS recorded the highest PCV (10.66%) and GCV 
(8.74%). Heritability increased to 91.89% (30KR) followed by 
87.36% (20KR+0.2%EMS) in the var. Pusa-212. Similarly, in the 
var. Pusa-372, the maximum heritability was recorded at 30KR+ 
0.2%EMS (86.54%) followed by 0.2% EMS (78.14%). Again the 
highest genetic advance was observed in 30KR+0.2°''oEMS 
(22.70%) and 0.3%EMS (18.91%) in the var. Pusa-212 and Pusa-
372, respectively. 
In general, the amount of induced variability was more in 
M3 as compared to M2 with a few exceptions. Moreover, EMS 
treatments alone and in combination with gamma rays induced 
maximum variability as compared to gamma rays alone for this 
trait. 
8. Total yield per plant (g) 
The data recorded on the total seed yield per plant in M3 
generation are presented in the Tables 57-58. 
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A very significant increase (P>0.01) in the average plant 
yield was observed in all the selected treatments and in both the 
varieties. A comparative look in the treated populations of two 
varieties reveal that gamma rays were more effective in the var. 
Pusa-212, EMS was comparable in both the varieties, whereas, 
combination treatments proved to be more effective in the var. 
Pusa-372 in increasing the average yield per plant. 
All the genetic parameters were quite high in the mutagenic 
treatments as compared to control. An increase in GCV in M3 as 
compared to IVI2 was noticed in most of the treatments with the 
exception of 30KR^0.2% EMS in the var. Pusa-212 and 20KR and 
30KR+0.2%EMS in the var. Pusa-372. The highest GCV was 
recorded at 0.2%EMS (17.31%) and 20KR+0.2%EMS (15.78%) in 
the var. Pusa-212 and Pusa-372, respectively. In general, EMS 
proved to be most effective followed by combination treatments 
and gamma rays in inducing maximum variability. 
Heritability and genetic advance continued to increase in M3 
as compared to M2 in almost all the treatments. Maximum 
heritability was recorded at 30KR gamma rays in both the 
varieties. Similarly, the highest genetic advance was recorded at 
0.2% EMS (33.65%) and 20KR+0.2%EMS (28.67%) in the 
var.Pusa-212 and Pusa-372, respectively. 
4.4: Screening of high yielding mutants 
The details of mutants isolated on the basis of their yield 
performance in M3 as compared to their parents are given in the 
Table-59. 
Since yield per plant is the most desirable character, certain 
mutants which were distinctly much superior as compared to 
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others with regard to seed yield per plant were selected in the M2 
generation. Some of these mutants were morphologically quite 
distinct especially with regard to seed size and shape and flower 
colour, while the others were more or less similar to their 
respective controls. All these mutants were raised in progeny rows 
in M3 generation and were evaluated not only for the seed yield 
but also for other quantitative characters, 
The data on mean values, shift in mean, coefficient of 
variation, heritability and genetic advance of different mutants and 
parents in M3 generation are presented in the Tables 60-61. All the 
mutants selected in the M2 generations showed a very significant 
(P>0.01) increase in average plant yield as compared to their 
parents in M3. In the var. Pusa-212, the highest plant yield was 
recorded as 46.42g in the Pusa-212-F (30KR+0,2%EMS) followed 
by 44.12g in the Pusa-212-A (20KR) and 41.91g in the Pusa-212-E 
(20KR+ 0.2%EMS). Similarly, in the var. Pusa-372, the highest 
plant yield was recorded as 47.74g in the Pusa-372-A (30KR) 
followed by 41.52g in the Pusa-372-D (20KR+0.2%EMS). 
The average plant height among different mutants showed 
both positive and negative shift. Maximum plant height was 
recorded for Pusa-212-E (20KR+0.2%EMS) where mean plant 
height was increased by 9-lOcm, whereas, the minimum plant 
height was recorded for Pusa-372-B (0.2%EMS) where mean plant 
height was reduced by 6-7cm. 
All the yield contributing traits viz. branches per plant, pods 
per plant and lOO-seed weight increased significantly 
(P>0.01,0.05) in almost all the mutant types. However seeds per 
pod did not show any significant improvement in most of the 
mutant lines. The only exception was Pusa-212-C (40KR) which 
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Table 59: Brief description of the mutants isolated in M3 generation of 
chickpea (C. arietinum L) 
Variety/Strain Treatment Salient features 
Pusa-212 Control Seed semi round, shrunken, 
small 
l.Pusa-212-A 20KR gamma rays Round bold seeded,high yielding 
2.Pusa-212-B 30KR gamma rays High yielding 
3.Pusa-212-C 40KR gamma rays Giant-bold seeded, high yieldmg 
4.Pusa-212-D 0.2% EMS Highyielding 
5.Pusa-212-E 20KR+0.2%EMS Highyielding 
6.Pusa-212-F 30KR+0.2%EMS Bold, rough seed coat, high yielding 
Pusa-372 Control Flower pink, seed semi round, 
shrunken small 
7.Pusa-372-A 30KR gamma rays Highyielding 
8. Pusa-372-B 0.2%EMS Semi dwarf, high yielding 
9. Pusa-372-C 0.3%EMS Violet-white flower, high yielding 
10. Pusa-3 72-D 20KR+0.2%EMS Highyielding 
C3 
<U 
a. 
J 
^ 
I 
0\ 
(N 
I  
^ 00 
o o 
II II 
< 
IT) vo' 
ly-i 
u^ r^' 
00 
O 
00 
oo' 
00 
in r-' 
00 
in 
CNl 
O 
o 
o 
IT) 
00 
in 
ON 
m in 
in 
Tt 
in 
00 
in 
r-
^ 00 
00 
in 
in 
o 
^ 
r-
(N 
iri 
oo 
^ 
r-
m 
00 
in 
in 
K 
^ 
oo in 
o 
in 
rn 
00 
00 
in 
r- a\ O 
r-
ro 
00 S o 
00 
ON 
ON 
in 
O 
00 
CO 
in 
m 
o 
(N' 
in 
ON^ 
in 
> 
u 
I X 
B 
en 
+ 1 
B 
E 
B 
^ 
o 
mi 
O 
O 
O 
t~-
o 
+ 1 
(N 
ON 
in 
v£) 
in 
—' 
_ 
00 
ro 
+ 
00 
00 
o 
+ 1 
o 
ro 
NO 
< — 1 
r^  
00 
t^ 
o 
1 
CO 
o 
+ 1 
o 
o-: 
in 
O 
in 
m 
in 
'^  
CN 
+ 
in 
00 
O 
+ 1 
NO 
NO 
NO 
(N 
m 
^ 
in 
^' 
+ 
O 
—' 
+ 1 
in 
(n 
NO 
ON 
in 
ON' 
m 
^ 
ON' 
+ 
^^ 
+ 1 
NO 
00 
NO 
^^  (N 
ON' 
^ 1 
r-
r<i 
1 
NO 
o 
^^  
+1 
00 
NO 
_« 
"a 
im 
lU 
a 1/1
JZ 
c 
CN 
O 
NO 
o 
o 
o 
00 
o 
+ 1 
en 
in 
ON 
NO^  
in 
m 
r-~ 
NO 
o 
+ 
m 
^ 
o 
+1 
o 
NO 
ON 
'—1 
^ 
m 
i> 
00 
^ 
+ 
NO 
o 
+1 
o 
NO 
r^  
^^  
ON 
ON 
<N 
m 
r^  
^ 
+ 
(N 
O 
+ 1 
NO 
t~^  
ro 
O 
NO' 
^ 
o 
o 
r*"! 
+ 
in 
o 
+ 1 
(~n 
od 
in 
in 
in 
(N 
r~ 
o 
m 
+ 
ON 
o 
+ 1 
o 
00 
00 
• ^ 
m 
m 
tn 
O 
NO 
(N 
+ 
ON 
O 
+ 1 
od 
B 
s 
H 
c 
o U o o o 
w 
(N 
O 
O 
+ 
o 
CNI 
o 
+ 
o 
O 
c 
o U 
g 
o (N 
g 
O 
m 
g 
o 
'* 
M 
O 
(N 
O 
+ 
o 
<N 
(N 
O 
+ 
o 
m 
C/2 
c 
n 
<N CM ^ 
^ — — r^ i 
3 Q. 3 
a. — 
o 
(N 
r—H 
r-< 
3 
OH 
Q 
(N 
f — 1 
<N 
W 
CNI 
1 — 1 
<N 
K3 
fe 
(N 
t — ( 
<N 
3 
D-
NO 
03 
3 
a. 
< m ^ Q 
c^ j rj £j ^ 
S::J (N (N 
^ ^ I I 
rN) m oo 
3 
C-
03 
t/5 
3 
CU 
03 
3 
^ CN 
3 
'^ ' 
(N (N 
<N (N <N <N 
03 
m 3 
03 
3 
a. 
NO' 
I 
^ 
I 
tn 00 
o o 
00 
t--
ON O 
(N 
O 
f1 
00 
(N 
o 
ON 
^ 
ON 
r-
ON 
r~-
o 
ro 
O 
ON 
NO 
00 
ON 
00 
00 
ro 
ON 
00 
m 
ly^  
IT) 
NO 
CNI 
NO 
U-) 
NO 
o 
r^  
o 
IT) 
ON (N 
NO 
ON 
00 
IT) 
[^  
NO 
00 
NO 00 
CNI 
OO 
• ^ ^ 
m 
^ 
O 
fN 
00 
u^ , 
NO 
f-) 
NO 
—' 
-^-NO 
W~) 
ON 
<N\ 
NO '* '—' 
'^  
cn 
OO 
(N 
m 
00 
(N t^  r- t^  r~ ON 
c 
a 
•a 
o 
a. 
ON 
r-
ON 
00 
ON 
00 
O 
rr NO O 
O 
NO 
CNI 
in 
o 
o 
o 
00 
ON 
^ 
+ 1 
00 
00 
lA) 
o 
NO 
+ 1 
o 
NO 
00 
+ 
00 
(N 
W^ 
+ 1 
NO 
00 
O 
O 
t 
NO 
O 
•^  
+ ( 
ON 
+ 
ITl 
LTl 
+ 1 
NO 
rn 
+ 
NO 
"^ 
+ 1 
NO 
00 
o 
NO 
+ 
in 
+ 
CO 
NO 
•o 
o 
a 
u 
o. 
•a 
a 
in 
o 
00 
r^ ON 
in 
00 
00 
NO 
ON 
5 
00 
00 
—' 
NO 
NO 
o 
o 
o 
o 
o 
+ 
(N 
o 
+ 
m 
CNI 
O 
1 
NO 
o 
+ 
^ 
o 
+ 
o 
o 
+ 
ON 
o 
o 
+1 
00 
in 
o 
o 
+ 1 
O N 
in 
NO 
m 
O 
o 
+ 1 
o 
o 
m 
o 
o 
+1 
mi 
ON 
O 
O 
+ 1 
TT 
r-
o 
o 
o 
+ 1 
CNI 
o 
o 
o 
+1 
00 
NO 
c 
o 
O o o O 
CO 
O 
<N 
O 
+ 
a^ 
^ 
o (N 
(N 
O 
+ 
oL 
^ 
o 
rn 
c 
o 
L) 
o 
<N 
O 
m 
O 
-* 
C/3 
O 
<N 
O 
o 
CNl 
(N 
o 
o 
ri 
n 
c 
^ < OQ 
"-^  CM (M 
M ^ — 
— (N (N 
a. 
CO 
S 
U Q LU u. 
(N (N (N (N 
(N r-l (N <N 
3 
OH 
3 3 3 
NO' 
< CQ 
^ f^ ^ 
I 
3 
(X r- OJ 
at 
c/2 
3 
OH 
01 
M 
3 
OH 
U Q W 
CNI ( N 
3 3 
^ 
(N 
3 3 G-
00 —' 
o — 
o o 
o 
L T i •^ ' 
a-
o 
(N 
ON 
^' iv^, 
0 0 
^' 
00 
00 
K 
^ 
IT) 
0 0 
(N 
o 
ON 
(N 
0 0 0 0 
(N ' 
o 
NO 
NO 
0 0 
o ON CNl 
K 
m 
CO 
r^ 
r-
NO 
U ^ 
' T 
(N 
NO' 
NO 
(N 
-^
n-
OO ^ NO 
NO 
r n 
O 
'—' 
r~ 
ON 
r^  
^ 
NO r~- ON NO 
r-
0 0 
o 
NO 
NO 
NO 
NO 
r-
CNI 
m 
o 
m 
L T ) 
0 0 
CM ON' r- (N ON 
M 
M 
O O 
NO 
^' 
o 
o 
o 
^ 
o 
+ 1 
NO 
(N ' 
0 0 
NO' 
O N 
O N ' 
+ 
d 
+ 
O 
(N ' 
I N 
CNI 
ON ' 
0 0 
NO 
en 
+ 
O 
d 
+ 1 
NO' 
r-' 
ON 
o 
ON 
+ 
ON 
d 
+ 1 
m 
oo' 
o 
O N 
r<-i 
+ 
ON 
O 
+ 1 
NO' 
^ 
O^ 
(N 
+ 
(N (N 
O 
+ 
0 0 
^' 
O N 
O 
r-' 
o 
d 
o 
CN) 
d 
+ 1 
NO 
(N ' 
CM 
o 
1— 
o 
o 
^ 
c (U 
a-
r< 
«s 
« en 
S 
Cii 
o 
r^i 
< 
CM 
CM 
1 
C/3 
CL. 
Oi 
o 
m 
CQ 
C s \ 
CM 
OJ 
c/5 
3 
O H 
fV 
o 
'^ 
U 
CM 
CM 
1 
c3 
3 
CU 
0 0 
LP 
C N | 
d 
Q 
CM 
CM 
rt 
M 3 
Q_ 
O ) 
o 
Q^ 
o 
CM 
UJ 
CM 
CM 
1 
nj 
« 3 (X 
CM 
d 
+ a: 
o 
r^ 
u. 
CM 
CM 
1 
n3 
3 
O H 
s 
a 
o 
NO 
ON 
r~-
NO 
NO' 
NO 
CM 
^ 
NO 
^' 
CM 
ON. 
i n 
O N ' 
CM 
0 0 
NO' 
0 0 
o 
c^' 
o 
o o 
+ 
o 
en 
+ 
0 0 
00 
+ 
o 
NO 
O N ' 
+ 
NO 
0 0 
+ 
NO' 
+ 
ON 
i n 
d 
+ 1 
m 
o 
d 
m 
"o 
U H 
-4-* 
C 
o 
U 
CM 
CM 
-^
+ 1 
CM 
^' 
^ 
2 
o 
CM 
t ^ 
O 
^ 
+ 1 
>n 
r~i 
r--' 
^ 
2 
o 
en 
ON 
NO 
~ 
+ 1 
NO 
0 0 
0 0 
m 
2 
o 
'^ 
0 0 
o 
'^ 
+ 1 
i n 
NO 
ON' 
m 
oo 
^ o^ 
CM 
d 
CM 
+* 
ON 
^ 
CM 
d 
+ 2 
o (N 
en 
, ' 
+ CM 
d 
+ 2 
o 
m 
< CQ 
D. ^ NO 
CM 
CM 
I 
3 
OH — 
U Q tU u-
CM CM CM CM 
CM 
1 
c/5 
3 
CM 
ds 
C/5 
3 
O H 
CM 
1 
3 
O. 
CM 
r C3 
3 
Q H 
CM 
1 
en 
3 
P-
CM 
1 
c3 
IZl 
3 
0 -
CM NO 
00 r--
Q 
J 
fN 
II 
\0 
o~~ 
in 
oo 
II 
Np 
O^ 
'^ 
O 
II 
in 
00 
o 
-H 
I 
< 
\D in 
00 
0-) MD 
in 
\6 (N 
(N >n 00 
ri 
in 
T—* 
>n 
0^ 
ON' 
in 
(N 
r-
I 
3 
Q -
S > 
O :D 
00 SI 
• 5 . ^ 
U 
> 
u 
a. 
I X 
c 
t/2 
+1 
c 
e 
CAl 
en 
00 
ro 
«n 
in 
>n 
00 
00 
in 
00 
— \ 0 "O 
00 r^ — 
o f ^ \D 
c 
(U 
I— 
D_ 
to 
I 
< 
CO 
I 
£ — 
I 
a 
00 
00 
I 
'^ 
O \0 t~-~ 
? 
o 
• t e ^ 
J= 
.£f 
"S 
JS 
"c 
r-
— 
MD 
O 
O 
O 
I^ 
>r) 
o 
+ 1 
o 00 
in 
>n 
_ 
o i= 
c 
o 
U 
o 00 
r-' 
>o 
>n \6 
+ 
in 
q 
—^ 
+ 1 
vO 
ro 
(N 
VO 
o 
m 
r--
^ 
— 
-^^  
r-
>n 
1 
o 
ON 
d 
+ 1 
m 
(N 
ON 
^ 
CyO 
S 
d 
t^ 
>o 
K 
"^ 
ON 
1 
(^  
ON 
d 
+ 1 
NO 
00 
(N 
»n 
00 
s W 
d 
^ 
(N 
ON 
•o 
^ d 
+ 
ON 
t^ 
d 
+ 1 
^ 
(N 
NO 
in 
(N 
d 
+ 
o (N
CQ U Q 
I 
s 
Q. 
u 
c 
CQ 
l> 
(N 
NO 
00 
00 
o 
o 
d 
d 
+ 1 
o 
O 
m 
NO 
in 
00 
00 
in 
00 
o 
+ 
NO 
d 
+ 1 
NO 
Tf 
in 
in 
O 
NO 
d 
NO 
T 
d 
+ 1 
NO 
00 
NO 
(N 
m 
(N 
(N 
(N 
o 
(N 
+ 
ON 
d 
+ 1 
o 
o 
00 ON 
in 
in 
ON 
(N 
ON 
NO 
NO 
+ 
in 
d 
+ 
NO 
00 
i n 
o h 
c 
o 
U 
c 
u 
a, 
I 
K 
S 
ON NO l> r^ 
o 
< 
I 
CI-
C>0 
s 
w 
•-5 
(N 
d 
C>0 
S W 
^ o^ 
ro 
d 
•^ o^ 
(N d 
+ 
o 
(N 
m u Q 
I 
3 
fo 
I 
03 
3 
I 
3 
a-
— (N 
( N 
( N 
>n 
II 
vO 
O^ 
>o 
o 
i n 
r-
II 
\P 
o^ 
— 
m 
o 
II 
s O 
ON 
o 
II 
o 
U 
o 
0 0 
o 
0 0 
(N 
ON 
fO 
r-
o 
r f 
0 0 
1 ^ 
o 
00 
en 
0 0 
O 
0 0 
O 
ON 
00 
IT) 
0 0 
*o en 
en 
r-
>n 
r<^  
ON 
0 0 0 0 
o 
NO 
00 
>ri 
00 
(N (N 
NO 
00 
0 0 
o 
i n r--
— r-
m \D en 
ON ^ r n 
K 00 K ON 
ON en «n «n CNI — 
c 
<u 
a. 
en 
•o 
O 
r^ i n NO 
ON 
>n 
o 
o 
o 
en 
NO 
(N' 
+ 1 
en 
r^  
0 \ ' 
^ 
^ 
o 
o 
U 
o 0 0 
^ ' 
n-
+ 
rt-
— 
\6 
+ 1 
en 
in 
'* ' 
ON 
c^ 
o 
m 
O 
• * 
—J 
(n 
+ 
o 
ON 
in' 
+ 1 
en 
— 
—' 
0 0 
en 
S 
CNI 
o 
0 0 
+ 
o 
(N 
cn 
+ 1 
o 
NO 
Tf ' 
•n 
O ) 
S 
xO 
en 
O 
r-0 0 
CNI 
( N 
+ 
r f 
ON 
en 
+ 
O 
NO 
r i 
( N 
O 
+ 
o 
( N 
•a 
o 
0. 
a; 
a 
T3 
u 
C/5 
00 
ON 
O 
o 
o 
o 
+1 
o h 
c 
o U 
NO 
ON 
(N 00 
en 
o 
+ 
,— NO 
CNI tn 
o 
o 
+ 1 
'^ 
o 
en 
^ T t en 
i n Tt; ' ^ 
ON 00 H 
<n n- NO 
^ O -H 
o 
+ 
NO 
o 
o 
+1 
NO 
00 
O 
+ 
en 
o 
o 
+ 1 
>n 
NO 
C/5 
(n 
O 
•n 
o 
o 
+1 
CNl 
o 
+ 
o 
(N C 
ID 
r-
3 
a. 
< 
en 
I 
3 
pq U Q 
en 
I 
en 
I 
03 
a-
<n 
03 
3 
(X 
— (N 
C 
(D 
03 
w 
r-
3 
< 
m I 
c3 
3 
a. 
^ rNi 
m u Q 
(N 
O 
en 
03 
CO 
3 
O-
rsi 
r~-
en 
C^ 
C/2 
'3 
0 -
(N 
t^ 
en 
03 
c/n 
3 
O H 
r<) 
00 
o 
1! 
00 
o 
II 
\ 0 
^ o 
II II 
in ^-
o 
o 00 00 
^ ON t ^ t^ ON 
00 
o 
(N 
ON 
00 
on 
M3 
K 
r-
o 
00 
r<i 
00 
\D 
O 
ON 
00 
K 
IT) 
r-
M 
ON 
^ 
^' 
00 
on 
00 
a< 
o 
'O 
on 
^' 
o 
00 
o-i 
00 
M3 
^—s 
_W1 
^ 
& 
• a 
o 
o 
T t 
^' 
o 
o 
o 
^ 
o 
+ 1 
r - H 
00 
r<-) 
„ 
o 
o 
U 
^ 
K 
—. 
— 
^ 
+ 
o 
(N 
O 
+ 1 
(N 
ON 
T f 
C^ 
o 
on 
>o 
^' 
>n 
T T 
(N 
+ 
00 
— 
o 
+ 1 
^ (N 
NO 
00 
s 
o 
o 
ON 
ON 
O 
d 
+ 
o 
rs\ 
d 
+ 1 
o 
ON 
on 
c/5 
S 
on 
d 
r-
Tf 
0 0 
ON 
lyn 
_' 
+ 
t ^ 
-^ 
d 
+ 1 
o 
'^ ^ 
(N 
d 
+ 
o (N 
« 
"a. 
I . 
2 
!*^  
' ^ 
c? 
••-< 
o 
H 
on 
NO 
o 
o 
d 
ON 
>n 
d 
+ 1 
^ (N 
on 
_^^  
o 
o 
u 
«n 
• " ^ 
o 
i n 
+ 
ON 
r—* 
» — ( 
+ 1 
• ^ 
t ^ 
r--" 
^ 
c< 
o 
on 
on 
00 
(N 
^-
NO 
+ 
NO 
—• 
"^ 
+ 1 
NO 
on 
00 
on 
00 
2 
d 
>n 
00 
(N 
on 
CNJ 
+ 
ON 
r--
d 
+ 1 
NO 
^T) 
on 
00 
s w 
on 
d 
on 
00 
d 
00 
CN 
ON 
+ 
NO 
CN 
-^ 
+ 1 
(N 
wn 
rN) 
d 
+ 
o (N 
c 
(S 
3 
a. 
< 
r-
on 
I 
:3 
Cu 
P3 U Q 
on 
I 
re) 
on 
I 
cS 
en 
3 
CU Cu 
< 
u a. 
—' fS 
t--
f<i 
i 2 
(N 
r-
on 1 
a oo 
3 Q-
m u Q 
(N 
r-
on 
K3 
c/2 
3 
O H 
(N 
O 
on 
«3 
c/2 
3 
CU 
CN 
t > 
on 
Ki 
!Z1 
3 
CU 
— CN 0, ^ (N on 
showed decrease in pods per plant (-20.20 Pods/plant) and seeds 
per pod (-0.23 seeds/pod). 
With regard to seed weight three bold seeded mutants viz. 
Pusa-212-A (20KR), Pusa-212-C (40KR) and Pusa-212-F 
(30KR+0.2%EMS) showed a considerable increase in 100 seed 
weight. The average 100-seed weight in these mutants was 
recorded as 22.03g, 31.73g and 22.65g, respectively as compared 
to 12.64g in the parental variety. The increase in seed weight was 
obviously due to the increase in seed size of these mutants. 
Phenotypic and genotypic coefficient of variation, 
heritability and genetic advance were also found quite high in all 
the mutant lines as compared to their respective controls. Among 
all the characters, branches per plant recorded the highest PCV, 
GCV and genetic advance. This was followed by yield per plant, 
whereas, seeds per pod and 100 seed weight recorded the highest 
heritability values. 
4.5: Seed protein content (%) 
Since chickpea is important for its high protein content, 
attempts were made to evaluate the crude protein content and to 
assess the extent of induced variability in different treatments and 
mutant lines of two chickpea varieties alongwith controls in M3 
generation (Tables 62-63). 
A wide range of variability for protein content was induced 
in most of the treatments and mutant lines. Protein content had 
significantly increased (P>0.01,0.05) by 19.66%, 18.03% and 
13.03% at 20KR, 30KR and 30KR+0.2%EMS, respectively in the 
var. Pusa-212 and by 7.14% (0.3%EMS) in the var. Pusa-372. 
Similarly, protein content had significantly reduced by 11.27% 
100 
Table 62: Range , mean and coefficient of variation (CV) for protein content in 
mutagen treated chickpea {Cicer arietinum L.) populations. 
Treatment 
Control 
y-rays 
20KR 
30KR 
EMS 
0.2% 
0 . 3 % 
y-rays+EMS 
20KR+0 .2% 
30KR+0.2% 
Control 
y-rays 
20KR 
30KR 
EMS 
0.2% 
0 . 3 % 
y - r a y s + E M S 
20KR+0 .2% 
30KR+0.2% 
Range 
19.52-20.83 
23.30-25.82 
23.09-25.53 
21.90-24.75 
17.52-20.46 
17.23-20.25 
20.72-24.60 
21.80-22.73 
21.45-24.52 
20.50-24.13 
19.60-23.52 
21.74-25.47 
19.53-22.74 
18.45-22.15 
Protein content (%) 
Mean + SE 
Var. Pusa-212 
20.19 :tO-23 
24.16 +0.43 
23.83**+ 0.41 
23.25**+0.44 
18.96* +0.48 
19.26 +0.49 
22.82**+ 0.58 
Var.Pusa-372 
22.26 +0.17 
22.73 +0.53 
22.45 + 0.59 
21.92 + 0.67 
23.85*+ 0.55 
21.23 +0.54 
19.75**+ 0.58 
CV(%) 
2.52 
3.96 
3.89 
4.23 
5.61 
5.67 
5.74 
1.72 
5.18 
5.85 
6.81 
5.14 
5.68 
6.61 
% change 
over control 
0.00 
fl9.66 
+ 18.03 
+ 15.16 
-6.49 
-4.61 
+ 13.03 
0.00 
+2.11 
+0.85 
-1.53 
+7.14 
-4.63 
-11.27 
T-test: *significant at 5%, * * significant at 1% 
Table-63: Range, mean and coefficient of variation (C V) for protein content in 
some high yielding mutant hnes of chickpea {Cicer a^ietinum L.) 
Protein content (%) 
Treatment Mutant 
line 
Range Mean+SE CV "/ochange 
(%) over 
control 
Var.Pusa-212 
20KR 
30KR 
Pusa-212A 18.31-21.83 19.56 ± 0.55 6.26 -3.12 
Pusa-212B 22.04-23.64 22.51**+ 0.26 2.57 +11.49 
40KR Pusa-212C 18.42-21.52 19.20 +0.53 6.17 -4.90 
0.2% EMS Pusa-212D 21.23-22.56 21.75 *'± 0.25 2.60 +7.73 
20KR+0.2%EMS Pusa-212E 22.40-23.92 23.30"+0.27 2.62 +15.40 
30KR+0.2%EMS Pusa-212F 20.02-21.47 20.53 +0.22 2.45 -1.68 
Var.Pusa-372 
30KR Pusa-372A 2I-.20-22.85 21.87 ±0.29 2.95 -1.75 
0.2%EMS Pusa-372B. 1972-31.54 20.63 ±0.28 3.07 -7.32 
0.3%EMS Pusa-372C 22.50-24.86 23.27 +0.37 3.59 +4.54 
20KR+0.2%EMS Pusa-372 D 20.62-21.90 21.38 +0.22 2.35 .95 
T-test: ^significant at 5%, * * significant at 1 % 
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(30KR+ 0.2%EMS) and 6.49% (0.3%EMS) in the var. Pusa-372 
and Pusa-212, respectively (Fig. 5). 
Among different mutant lines, protein content iiad 
significantly increased in Pusa-212-B (11.49%), Pusa-212-D 
(7.73%), Pusa-212-E (15.40%) and Pusa-372-C (4.54%) as 
compared to the control. The rest of the mutants showed 
comparatively less protein content than the parental variety 
(Fig.6a,b). 
In general, gamma rays were most effective in increasing the 
seed protein content. Varietal sensitivity was noted by the fact that 
maximum increase in protein content was observed in the var. 
Pusa-212, whereas, var. Pusa-372 showed maximum reduction in 
protein content. Besides similar treatment may increase protein 
content in one variety and decrease it in other variety was also 
noted during the investigation. 
D Control 
• Pusa212-A 
nPusa212-B 
nPusa212-C 
• PUSH 212-D 
nPusa212-E 
• Pusa212-F 
(a) Var, Pusa - 212 
D 22.51 
n i 9 . 2 
[20.19 121.75 
120.53 D23.3 
(b) Var. Pusa - 372 
• Control 
• Pusa 372-A 
D Pusa 372-B 
i D Pusa 372-C 
• Pusa 372-D 
022.26 
121.87 
D 20.63 
023.27 
121.38 
Fig. 6 ( a, b). Seed protein content in isolated mutant lines in M3 generation 
in chickpea {Cicer arietinum L.) 
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EXPLANATION OF FIGURES 
Figs. 1-34 (allxlOOO): Types of chromosomal abnormalities 
induced by gamma rays, EMS and their combined 
treatments in chickpea {Cicer arielinum L.) 
Figs.l & 2 PMCs showing Sbivalents at dikinesis and metaphase-1 
(control). 
Fig.3 PMC showing normal segregation of 8 chromosomes 
towards each pole at anaphase-l. 
Fig.4 PMC showing formation of daughter nuclei at 
telophase-I. 
Fig. 5 PMC showing 7"+2' at metaphase-I. 
Fig. 6 PMC showing precocious separation of chromosomes 
in a bivalent and a group of 3 bivalents clumped 
together at metaphase-I. 
Fig. 7 PMC showing l '^+5"+2' at metaphase-I. 
Fig. 8 PMC showing multivalent chain formation at 
metaphase-I. 
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PLATE-II 
EXPLANATION OF FIGURES 
Fig.9 PMC showing stickiness among bivalents at metaphase-I 
Fig. 10 PMC showing misorientation of bivalents at metaphase-l. 
Fig. 1 1 PMC showing 6 ring and 2 rod bivalents at metaphase-I. 
Fig. 12 PMC showing precocious separation of chromosomes at 
metaphase-I. 
Fig. 13 PMC showing l '^+5"+2' at metaphase-I. 
Fig. 14. PMC showing stickiness among bivalents at metaphase-I. 
Fig. 15 PMC showing 6"+4' at metaphase-I. 
Fig. 16 PMC showing 7"+2' at metaphase-I. 
Fig. 17 PMC showing spindle disturbance and formation of 5 +6 
at metaphase-I. 
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PLATE-MI 
EXPLANATION OF FIGURES 
Fig. 18 PMC showing failure of segregation of two bivalents 
during early anaphase-I. 
Figs.l9&20 PMCs showing movement of chromosomes towards 
the poles and late separation of one bivalent at 
anaphase-1. 
Fig, 21 PMC showing spindle disturbance and failure of 
movement of chromosomes towards the poles at 
anaphase-I. 
Figs.22&23 PMCs showing non-disjunction of bivalents at 
anaphase-I. 
Fig.24 PMC showing 9:7 segregation of chromosomes at 
anaphase-I. 
Fig. 25 PMC showing abnormal separation and lagging of 5 
chromosomes at anaphase-I. 
Fig. 26 PMC showing a chromatin bridge at anaphase-I. 
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PLATE-IV 
EXPLANATION OF FIGURES 
Fig. 27 PMC showing bridge formation at early anaphase-I. 
Fig. 28 PMC showing a group of lagging chromosomes at a 
disturbed anaphase-I. 
Fig. 29 PMC showing stickiness and non-disjunction of 
chromosomes at anaphase-1. 
Fig. 30 PMC showing bridge formation at telophse-1. 
Fig. 31 PMC showing disturbed polarity at telophase-11. 
Fig. 32 PMC showing formation of micro-nuclei at telophase 
stage. 
Fig.33&34 PMCs showing cytomixis at telphase stages. 
PLATE-IV 
PLATE-V 
EXPLANATION OF FIGURES 
Figs. 1-30: Different types of mutants isolated form treated 
populations of chickpea {Cicer arietinum L.). 
Fig.l Giant mutant (var. Pusa-212) showing broad leaflets 
and broad stipule as compared to control (L). 
Fig.2a,b Two broad leaf mutants showing deep serration on the 
margin (var. Pusa-212). 
Fig. 3 Mutant with small narrow leaflets with reduced inter 
nodal length (var. Pusa-212). Control (L). 
Fig. 4 Broad leaved mutant with reduced number of leaflets 
(var. Pusa-372), Control (L). 
Fig. 5 Bushy, compact mutant with close leaflets (var. Pusa-
372), control (L). 
Fig. 6 Dark green mutant showing long rachis and increased 
number of leaflets (var. Pusa-212). 
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PLATE-VII 
EXPLANATION OF FIGURES 
Fig. 11 Control plant of var. Pusa-372. 
Fig. 12 Non-flowering vegetative mutant showing broad 
simple leaflets and reduced leaf rachis (var. Pusa-
212). 
Fig. 13&14 White/Violet flower mutant and its pod (var. Pusa-
372). 
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PLATE-VIII 
EXPLANATION OF FIGURES 
Figs. 15-16 A dwarf mutant and its pods (var. Pusa-212). 
Figs. 17-18 Semidwarf mutant and its pods (var. Pusa-372). 
Figs. 19-20 Prostrate mutant showing trailing growth habit and its 
pods (var. Pusa-2 12). 
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PLATE-IX 
EXPLANATION OF FIGURES 
Control pods (left side) 
Fig. 21 Bold pods of round seeded mutant (Pusa-21 2-A). 
Fig. 22 Bold pods of giant mutant (Pusa-212-C). 
Fig. 23 Bold pods of rough seeded mutant (Pusa-212-F). 
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PLATE-X 
EXPLANATION OF FIGURES 
Control seeds (left side) 
Fig. 24 Bold seeds of round seeded mutant (Pusa-2 12-A). 
Fig. 25 Bold seeds of giant mutant (Pusa-212-C). 
Fig. 26 Bold seeds of rough seeded mutant (Pusa-212-F). 
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EXPLANATION OF FIGURES 
Fig. 27 Control plant of var. Pusa-372 
Fig. 28 High yielding mutant of var. Pusa-372. 
Figs.29&30 High yielding mutants of var. Pusa-212. 
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discussion 
DISCUSSION 
The breeding potential of a crop plant is to exploit the 
existing genetic variability through selection or created 
variability. Mutation breeding technique is the best method to 
enlarge the genetically conditioned variability of a species within 
a short time and has played a significant role in the development 
of many crop varieties (Micke, 1988). Induced mutagenesis plays a 
very important role in enhancing genetic variability for crop 
improvement by way of inducing micromutations in addition to the 
visible macromutations. Besides, artificial mutagenesis offers a 
possibility for the induction of desirable attributes perhaps those 
that either can not be found naturally or have been lost. 
The basic information on mutagenic sensitivity, efficiency of 
mutagens, methods of handling the material and treatment methods 
required to maximise mutation induction is essential for any 
mutation breeding programme. Although ionizing radiations still 
remain the most employed tools of inducing mutations, a number 
of chemicals have been found to be equally and even more potent 
in their mutagenic effects. Combinations of different mutagens, if 
their mutation induction process is independent and capable of 
interaction, should increase mutation frequency and alter the 
mutation spectrum. 
Generally, the criteria such as germination, injury, lethality, 
sterility, chromosomal aberrations in Mi generation, chlorophyll 
and viable mutation frequency in M2 generation are used to assess 
the superiority of mutagens (Bhambukar and Bhalla, 1985; Reddy 
et al., 1992; Thakur and Sethi, 1995; Kharkwal 1998a, 1998b; 
Kumar and Dubey, 1998c; Khan, 1999). 
In the present study, the immediate effect of separate and 
simultaneous applications of gamma rays and ethylmethane 
sulphonate (EMS) measured in terms of seed germination, seedling 
height, plant survival at maturity, pollen sterility and meiotic 
aberrations in the populations emerging from treated seeds 
alongwith controls were extensively studied in the two varieties of 
chickpea viz. Pusa-212 and Pusa-372. 
Seed germination, seedling height and plant survival 
decreased with the increase in mutagenic treatments in the present 
investigation. However, the extent of decrease differed both 
among different mutagens as well as between the two varieties. 
Combination treatments of gamma rays and EMS in general were 
found to be more effective than their individual treatments. The 
only exception was seedling injury in the var. Pusa-212 where 
EMS proved to be most effective followed by the combination 
treatments. Based on the extent of damage caused, the var. Pusa-
372 was found to be more sensitive than the var. Pusa-212. 
The adverse effects of physical and chemical mutagens on 
various biological parameters have been reported by many workers 
(Sharma, 1970; Khalatkar and Bhatia, 1975; Bhamburkar and 
Bhalla, 1985; Subba Rao, 1988; Mehetre et al., 1990; Ravikesavan 
et al., 1995; Kumar and Dubey 1998a, 1998b). Most of these 
workers have observed a dose dependent reduction of the above 
mentioned biological parameters. 
Several workers have attempted to explain the causes 
responsible for inhibition of seed germination. Hevesy (1945) first 
demonstrated that x-irradiation inhibits the DNA synthesis and 
later, this was confirmed by many others. Sharma and 
Swaminathan (1969) attributed reduction in germination to the 
103 
changes in metabolic condition of Xht cells. Kleinhofs (1978) in 
barley reported delaly in the initiation of metabolism following 
germination which in turn resulted in a uniform delay in mitotic 
activity, seedling growth and ATP and DNA synthesis. Tarar and 
Dnyansagar (1983) reported in Turnera ulmifolia that inhibitory 
effect of gamma rays was due to damage to DNA. 
Following seed treatment, most of the potent mutagens 
commonly in use, besides inducing mutations, also produce a host 
of physiological and lethal damages, and the mutagenic effect 
always seems accompanied by a more or less toxic effect. The 
different toxic effects include germination and growth inhibition, 
seedling injury and sterility. 
Rao (1980) in Guar and Okra; Deshmukh (1981) in Anethum 
sowa and Salim et al. (1974) in peas have attributed reduction in 
the germination percentage due to exposure to the enhanced 
production of active radicals which are responsible for seed 
lethality, while Gordan (1955) has correlated it with inhibition of 
auxin synthesis. 
Inhibition of seedling growth after treatment of seeds is a 
convenient technique for studying effects of physical and chemical 
mutagens in plants (Ahnstrom, 1974). Different explanations are 
available to explain the phenomenon of reduced seedling growth. 
Gray and Scholes (1951) and Lea (1955) suggested that it could be 
due to meristematic cells as a consequence of genetic injury. The 
badly damaged cells would produce only a few cell progeny and 
growth will recur from those cells which are least damaged 
genetically. Thoday (1951) and Evans and Sparrow (1961) opined 
that the chromosomal damage and /or inhibition of cell division 
were the chief causes of reduced growth, whereas, Goud and Nayar 
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(1968) demonstrated that seedling growth depression may be due 
to inhibition of auxin synthesis. 
Another group of workers believed that inhibition of 
seedling growth may be due to slow rate of cell division, 
decreased amylase activity and increased peroxidase activities 
(Mehta et al., 1975; Rao, 1980; Rao and Rao, 1982; Subba Rao, 
1988). Decrease in the amylase activity may affect hydrolysis of 
starch into sugars needed for proper growth of the seedling (Rao 
and Rao, 1982). Inhibition of seedling growth due to increased 
peroxidase activity was reported by Rao et al. (1977) in Phaseolus; 
Rao (1980) in guar and Okra and Rao and Rao (1982) in guar. 
Increased peroxidase might oxidise lAA resulting in low levels of 
auxin, thereby retarding amylase activity and hence growth of the 
seedlings (Rao et al., 1977). 
Whatever may be the cause of reduced seedling growth, the 
fact remains that chromosomes which carry various genes 
responsible for life processes and expression are one of the most 
sensitive organs in the cell, and damage to any part of these vital 
and tiny organs is bound to go a long way to bring about various 
physiological and metabolic disorders which in turn will bring 
about several morphological and growth abnormalities in the plant 
or plant organs. 
Progressive decrease in the rate of survival of plants with an 
increase in the doses of physical and chemical mutagens has been 
reported by Jayabalan and Rao (1987a) in Lycopersicon 
esculentum, Sudhakaran (1967) in Vinca rosea and Kumar and 
Dubey (1998a,b) in lathyrus sativus. Decrease in seedling survival 
may be attributed to the series of events occurring at the cellular 
.level which affect the vital macromolecules and bring about a 
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physiological imbalance in the cells as a consequence of exposure 
to ionizing radiations and chemical mutagens. 
In the present investigation, varying degree of pollen 
sterility was induced in all mutagenic treatments. Although nearly 
4-6% sterility was also observed in the control, the magnitude of 
sterility increased with an increase in dose/treatment. Combination 
treatments recorded the highest sterility followed by EMS and 
gamma rays. Some plants with very high pollen sterility (50-90%) 
were recorded in the higher dose treatments. The proportion of 
such highly sterile plants also increased with an increase in the 
concentration of the mutagens.These results obtained are in 
agreement with many workers who also reported a dose dependent 
increase in sterility following mutagenic treatments (Nerker, 1970; 
Prasad and Das 1980a, 1980b; Bhamburkar and Bhalla, 1985; 
Kumar and Dubey, 1994, 1996, 1998a, 1998b). 
The high sterility observed in the treated populations may be 
attributed to the vast array of meiotic aberrations that were 
induced by physical and chemical mutagens leading to aberrant 
pollen mother cells and ultimately resulting in the inactivation of 
pollen grains. This is in agreement with many workers (Rana and 
Swaminathan, 1964; Sinha and Godward, 1972a; Ramanna, 1974). 
Contrary to this, Sato and Gaul (1967) in barley reported a high 
sterility coupled with low frequency of meiotic abnormalities after 
EMS treatment. This was attributed to small undetectable deletions 
or gene mutations. Kivi (1962) concluded that sterility in Mi is 
actually the first sign of general effectiveness of the treatment. 
Studies on some biological parameters viz; germination, 
survival and sterility revealed that much of the inhibitory effects 
were recovered in the second generation, although the higher dose 
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treatments of all mutagens still retained the adverse effects. Such 
a recovery mechanism in M2 generation has also been reported by 
different workers (Katiyar,1978a; Jayabalan and Rao,1987a; Subba 
Rao, 1988). 
Differential varietal response to different mutagens as 
observed in the present investigation has earlier been reported by 
many workers. Sharma and Sharma (1981b) observed different 
mutagenic response of gamma rays and NMU in microsperma and 
macrosperma lentils. Venkatachalam and Jayabalan (1995), using 
EMS, sodium azide and gamma rays, found distinct varietal 
differences in groundnut {Arachis hypogea). Akbar et al. (1976) 
concluded that differences in radiosensitivity may be due to 
differences in their recovery process involving enzyme activity. 
Differences in radiosensitivity were also reported by Khan (1999) 
in black gram and Nerker (1976) in Lathyrus sativus. It is 
concluded that varieties with a large assortment of recessive 
characters show greater sensitivity than the varieties with 
dominant characters (Gelin et al., 1958; Blixit, 1970). The 
mechanism controlling sensitivity to chemical mutagens and x-
rays have been reported to be different from those determining 
sensitivity to gamma rays (Sokolov and Balchunene, 1977). 
A common observation on the biological parameters revealed 
the general superiority of combination treatments of gamma rays 
and EMS over their individual treatments. However, EMS in turn 
was more superior to gamma rays in bringing about adverse effects 
on biological parameters. Greater effectiveness of combination 
treatments was also reported in blackgram (Bhamburkar and 
Bhalla, 1985), in mungbean (Khalatkar and Bhatia, 1975), in 
barely (Sharma, 1970), in Khesari (Kumar and Dubey 1998b) and 
in chickpea (Bhatnagar, 1984). 
The less toxic effects of gamma rays as compared to 
chemical mutagen (EMS) is probably due to the fact that legumes 
require very high dose of radiation to produce more drastic effects 
(Blixt, 1972a; Bhamburkar and Bhalla, 1985). Besides, the 
increase in sensitivity is dependent on metabolic processes. The 
presoaking of seeds, therefore, leads to enhancement in sensitivity 
to chemical mutagens. This is attributed to various reasons such as 
changes in metabolic condition of the cells (Sharma, 1969) and 
progress in DNA synthesis (Delgrado, 1972). Ravikesavan et al. 
(1995) while studying the effect of EMS on various biological 
parameters in different pulse crops, concluded that chickpea was 
comparatively more sensitive to the mutagenic treatments than 
other pulse crops. Sareen and Kaul (1999) in Plantago ovata also 
reported that EMS was found to produce more drastic effect on 
seedling height than gamma rays. 
The combination treatments given to seeds with physical and 
chemical mutagens are known to affect the efficiency of each 
other. The interaction coefficient (K) of combination treatments 
was determined for various biological parameters to see the extent 
of damage caused when physical and chemical mutagens are used 
in combination than their respective individual treatments. For 
most of the combination treatments and for almost all biological 
parameters, the coefficient of interaction was less than additive. 
Additive or synergistic effects were obtained for plant survival 
(30KR+0.3%EMS) in the var. Pusa-212 and seedlings height 
(30KR+0.3%EMS) in the var. Pusa-372 in M, generation. It is 
interesting to note that synergistic or additive effects were 
obtained for plant survival and pollen fertility in the M2 rather 
than in Migeneration. 
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Bhatnagar (1984) reported less than additive effects of 
combination treatments on germination and survival in chickpea, 
however, synergistic effects were obtained for pollen sterility. 
Bhamburker and Bhalla (1985) in blackgram reported less than 
additive effects on germination, survival and seedling height and 
more than additive effects on pollen sterility. Sharma (1970) in 
bai'ley obtained more than additive or synergistic effects on 
seedling height and seed fertility. 
Difference in synergistic effect of combination treatments 
could be attributed to interference of mutagens given in 
combination in the repair mechanisms and mutual inhibition of 
reactivation process (Bhatnagar, 1984). Since it has been 
consistently observed that the lower dose combination treatments 
showed less than additive effects as for as the biological damage 
is concerned, it could be concluded that such treatments could be 
used favourably for increasing the mutation rate and obtaining a 
wider spectrum of mutations in chickpea. 
Genetic hazards of physical and chemical mutagens are now 
well known and the methods to detect their mutagenic effects have 
been devised. In this context cytological investigations appear 
rewarding as they deal with the primary genetic material- the 
chromosome and more appropriately the DNA which control the 
phenotypes. 
The pollen mother cells undergoing meiosis attain this stage 
after many mitotic cycles. At the same time recovery mechanisms 
can start operating in the elimination of lethals and sublethals 
through natural selection right from the initiation of germination 
following mutagenic treatment (Sinha and Godward, 1969). Yet 
some aberrations persist and affect the viability of gametes and 
subsequently the fertility of plant.. 
Physical and chemical mutagens are known to produce 
chromosomal aberrations leading to abnormal chromosome 
behaviour during meiosis and consequently giving varying degree 
of sterility. A vast array of meiotic aberrations were induced by 
gamma rays, EMS and their combination treatments in chickpea in 
the present investigation. Meiotic abnormalities increased with an 
increase in dose/cone, of the mutagens. Although the types of 
abnormalities were more or less common in both the varieties, but 
the frequency of aberrations were comparatively more in the var. 
Pusa-372 indicating its more sensitivity to the mutagens. 
Combination treatments were most effective whereas, gamma rays 
comparatively induced more aberrations than EMS, although the 
difference in the percentage of aberrations induced by the two 
mutagens was not much. 
Different types of chromosomal abnormalities observed in 
the present investigation have also been reported by different 
workers in different plant materials after treatments with physical 
and chemical mutagens, viz. Ahmad and Godward (1981) and 
Ahmad (1993) in chickpea; Laxmi et al. (1975) in pearl millet; 
Rao and Laxmi (1980) and Katiyar (1978a,b) in Capsicum anmnim 
L.; Anis and Wani (1997) in Trigonella foenum-graecum;Tarar and 
Dnyansagar (1980) in Tiirnera ulmilolia; Mitra and Bhowmik 
(1996) in Nigella saliva; Singh et al. (1989), Reddy et al. (1992) 
and Verma et al. (1999) in Lens culinaris and Kuamr and Dubey 
(1998c) in Lathyrus sativus. Most of these workers have obtained 
a dose dependent increase in meiotic aberrations and the varietal 
sensitivity to mutagenic treatments was also reported by some 
workers. 
Stickiness of chromosomes was the most common 
abnormality observed in the present investigation. Chromosomes 
clumped into one, two or many groups due to stickiness at 
metaphase causing difficulty in normal disjunction of 
chromosomes. These results were in agreement with Katiyar 
(1978a); Mitra and Bhowmik (1996); Sinha and Godward (1972b) 
and Tarar and Dnyansagar (1980) who also reported stickiness as 
the most common abnormality and the grouping of different 
bivalents due to stickiness. Stickiness could be the result of 
disturbances in cytochemically balanced reactions by the 
secondary effect of radiation (Rao and Laxmi, 1980; Jayabalan and 
Rao, 1987b) or due to depolymerisation of nucleic acid caused by 
mutagenic treatment (Tarar and Dnyansagar, 1980). 
The frequency of univalents ranged from 2-5 per PMC and 
these were later found as laggards at anaphase and telophase 
stages . It seems more likely that mutagenic treatments induced 
univalent formation through cryptic structural changes in some of 
the chromosomes which restricted pairing and in this way reduce 
chiasma frequency. Rao and Laxmi (1980) attributed univalent 
formation to the partial and complete lack of homologous 
chromosome pairing. Further, the disturbances in the pairing 
mechanism was ascribed to the presence of chromosome breakage 
in the PMCs of pknts raised from treated seeds. Some of the 
univalents disjuncted early and presumably this happened due to 
genie differences. Such chromosomal divergences in the form of 
precocious movement is pointed towards structural differentiation 
of homologous pair (Anis and Wani, 1997). Mitra and Bhowmik 
(1996) reported that non pairing and early separation of 
chromosomes at meiosis may result in the formation of univalents. 
Different types of multivalent associations (tri, tetra and 
chain of bivalents) as observed in the present investigation have 
also been reported by many workers. Alterations in the 
chromosome associations which composed of uni, tri, tetra and 
multivalents were possibly the outcome of non or irregular pairing 
of chromosomes due to translocations (Katiyar, 1978a). According 
to Prasad (1965) and Sinha (1967) the formation of multivalents 
was the possible outcome of exchange between non-homologous 
chromosomes due to translocations. Some times separation of two 
chromosomes in certain bivalents lagged behind the others and so 
that the late separating chromosomes failed to reach the poles and 
get included in the daughter nuclei. In still other cases, the spindle 
formation mechanism failed completely and as a result all the 
bivalents were found to be scattered throughout the spindle. 
Similar results were also reported by Kumar and Dubey (1998c). 
The laggards observed during the present study might be due 
to delayed terminalization, stickiness of chromosome ends or 
because of failure of chromosomal movement (Jayabalan and Rao, 
1987b; Soheir, 1989). Schulz-Shaeffer (1980) concluded that 
lagging chromosomes and their presence as univalents may result 
in aneuploidy. 
Bridges without fragments at anaphase and telophase stages 
were frequently observed in the present investigation. Bridges 
often break as the dyads move further apart in the late anaphase, 
sometimes leaving an acentric fragment in the cytoplasm. The 
fragments are seen during meiosis-II as micronuclei which do not 
condense alongwith remaining chromosomes. The presence of 
chromosome bridges without fragments may be due to restitution 
or the fragments getting entangled or attached with normal 
chromatids of chromosomes (Tarar and Dnyansagar,1980). 
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Moreover, PMCs with a single bridge without acentric fragment at 
anaphase-I is formed by two sister chromatids of a broken 
chromosome which has undergone fusion during interphase at the 
time of duplication (Mc Clintock, 1938). 
In the present study, bridge formation can be attributed to 
the general stickiness of chromosomes at metaphase stage or 
breakage and reunion of chromosomes. Similar bridges are 
reported by many workers after irradiation or chemical treatments 
(Aamer and Farah, 1985; Grpwer, 1985; Ahmad, 1993). 
Movement of bivalents towards poles at anaphase due to 
non-disjunction of homologous chromosomes at metaphase as 
observed during the present study was due to the stickiness of 
chromosomes and could result in unequal distribution of 
chromosomes in the daughter nuclei (Anis and Wani, 1997). 
Abnormalities such as lagging chromosomes and unequal 
separation of chromosomes especially the last one would lead to 
the production of aneuploid gametes. Such plants (aneuploids) are 
of immense importance in fundamental as well as applied research 
in crop improvement. It may be noted that in the case of unequal 
separation at A-1, the most frequent separation is 9:7 
chromosomes. A functioning gamete with 9 chromosomes will 
produce a trisomic upon union with a normal gamete. Mitra and 
Bhowmik (1996) reported that unequal separation of chromosomes 
was caused by spindle irregularities. Micronuclei generally arise 
from fragments and lagging chromosomes which fail to reach the 
poles and get included in the daughter nuclei (Kumar and Duby, 
1998c; Laxmi et a/.,1975), whereas, disturbed polarity at anaphase 
and telophase stages could be due to spindle disturbance. 
Cytomixis refers to the migration of chromatin/chromosomes 
from one cell into the cytoplasm of another cell through 
cytoplasmic channels. Cytomixis has been reported to occur 
mainly during prophase-I, where the cellulose wall that surrounds 
the microsporocyte is not yet fully formed. The probable causes 
of cytomixis are fixation effects (Haroun, 1995;Heslop-Harrison, 
1996), pathalogical conditions (Bobak and and Herich, 1978) and 
changes in gene control (Omera, 1976). The process is considered 
to be a source of production of aneuploid and polyploid gametes 
(Koul, 1990; Yen et al., 1993). Cytomixis between and among 
different stages of meiosis was also reported by Maria desouza 
and Pagliarini (1997) in Rape-seed and Consolaro and Pagliarini 
(1995) in Centella asiatica. 
Intervarietal differences in the radiosensitivity has been 
reported by many workers. These differences were attributed to 
differences in cell volume, nuclear volume, chromosome volume 
and DNA amount and presence of protective or sensitising 
substances (Evans and Sparrow, 1961; Sparrow and Evans 1961; 
Ahmad and Godward, 1981). 
Most of the workers have in general concluded that gamma 
rays were more effective than chemical mutagens in causing 
chromosomal abnormalities. However, in the present study the 
frequency of aberrations was greater in the combination treatments 
than in the individual treatments, it is therefore, concluded that 
EMS too is able to induce a sufficient amount of meiotic 
anomalies. Singh et al. (1989) and Roy (1989) in lentil reported 
that EMS is highly efficient in inducing chromosomal aberrations 
equal to that of physical mutagens. Among different stages of 
meiosis, the frequency of meiotic aberrations was maximum at 
metaphase stage in the present study. Similar observations were 
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reported by Mitra and Bhowmik (1996) in Nigella sativa and 
Kumar and Dubey (1998 c) in Lathyrus sativus L. 
Less than additive effects for chromosomal abnormalities 
were also reported by Sharma (1970) and Khalatkar and Bhatia 
(1975) in barley and for mitotic index by Bhamburkar and Bhalla 
(1985) in blackgram. 
Studies on various quantitative characters in Mi generation 
have revealed that no appreciable changes were caused among 
different polygenic traits as was indicated by the pooled mean 
values of different mutagens for various quantitative traits. 
However, the mutagenic effect was clearly evident at different 
concentrations of a'l the mutagens leading to reduction in plant 
height, number of branches per plant, number of pods per plant, 
seeds per pod, test weight and total yield per plant at higher dose 
treatments and stimulation in the mean values of these traits in 
some lower dose treatments. Combination treatments were more 
effective in causing negative shifts for the above polygenic traits 
whereas, intermediate dose treatments of EMS and gamma rays 
induced stimulatory effects especially for 100 seed weight in both 
the varieties. Reduction in the mean values of above quantitative 
traits and also delayed flowering and maturity were common 
features of mutagenic treatments reported earlier in various crops 
(Nerker, 1970; Sarkar and Sharma, 1989a; Tripathi and Dubey, 
1990; Kumar and Dubey, 1994, 1998a, 1998b; Anis el al., 1999). 
The increase in 100 seed weight by most of the mutagenic 
treatments in the present study was also in accordance with the 
findings of Kumar and Dubey (1998a, 1998b). Since no 
appreciable change was noticed in the pooled mean values for 
various quantitative characters, it is assumed to be due to the fact 
that in the present study macromutational variants were excluded 
115 
from the assessment of mean in Mi and data were recorded on 
normal looking plants only. 
The scoring of chlorophyll mutations in M2 generation has 
proved to be most dependable index for evaluating the genetic 
effects of mutagenic treatments (Gustaffson,195 l).The occurrence 
of chlorophyll mutations after treatments with physical and 
chemical mutagens has been reported in chickpea (Kalia et al., 
1981; Kharkwal, 1998b); barley (Sharma, 1970; Khalatkar and 
Bhatia, 1975); lentil(Sharma and Sharma, 1981a); Lathyrus sativus 
(Prasad and Das, 1^80C; Das and Kundagrami, 2000); blackgram 
(Gautam et al., 1992 ; Singh et al., 1999); Nigella sativa (Mitra 
and Bhowmik, 1999); mungbean (Singh and Yadav, 1991;Singh et 
al., 2000a). 
In the present investigation, six different types of 
chlorophyll mutations were isolated viz; albina, xantha, chlorina, 
maculata, virescence and tigrina. Chlorophyll development seems 
to be controlled by many genes located on several chromosomes 
(Goud,1967a) which could be adjacent to centromere and proximal 
segment of chromosome (Swaminathan, 1964, 1965a). Mutation in 
these chlorophyll genes may induce chlorophyll mutations. It is 
interesting to note that chlorophyll mutations increased with the 
increase in dose of gamma rays, the maximum frequency being at 
(40KR) in both the varieties. However, a slight decrease in the 
mutation frequency was observed at the highest dose of EMS 
(0.4%) and in combination treatment (30KR+0.3%EMS). It seems 
that strong mutagens reach their saturation point even at lower 
doses in the highly mutable genotypes and any further increase in 
the dose does not add to the mutation frequency. With the increase 
in dose beyond a point, the strong mutagens become more toxic 
than the higher doses of relatively weaker mutagens (Fillipeti et 
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al., 1977). Similar observations were reported by Kharkwal 
(1998b) in chickpea and Mitra and Bhowmik (1999) in Nigella 
sativa. Dose dependent increase in chlorophyll mutations was also 
reported in barley (Gaul, 1964), mungbean (Bahl and Gupta, 
1982), catharanthus (Venkateswarlu et al., 1988), Nigella sativa 
(Mitra and Bhowmik, 1999) and grasspea (Das and Kundagrami, 
2000). 
Combination treatments in general induced maximum 
frequency of chlorophyll mutations indicating their greater 
effectiveness, whereas EMS proved to be more effective than 
gamma rays. Several workers have reported high mutation 
frequency in legumes following treatments with chemical 
mutagens as compared to the physical mutagens (Blixt et al., 
1963; Dixit and Dubey, 1986; Tripathi and Dubey, 1992; 
Kharkwal, 1998b; Singh et al., 2000a). The high incidence of 
chlorophyll mutations induced by EMS in the present investigation 
may be due to its specificity to affect certain regions of 
chromosome (Natrajan and Upadhya, 1964). According to 
Swaminathan (1965b) preferential action of chemical mutagens in 
chlorophyll developing genes is responsible for increase of 
chlorophyll mutations in EMS treated plants. 
The occurance of chlorophyll mutations in the present study 
showed predominance of xantha followed by chlorina and other 
types in both the varieties. The frequency of albina was 
comparatively more in gamma rays than in EMS treatments, 
although its highest frequency was obtained in combination 
treatments. This confirmed the results of Kalia et al. (1981), 
Prasad and Das (1980c) and Singh et al. (1999). It is generally 
believed that ionizing radiations produce a high frequency of 
albina types of chlorophyll mutations and chemical mutagens 
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produce high frequency of other types such as chlorina and xantha 
(Gupta and Yashvir, 1975; Sharma and Sharma, 1981a; Sarkar and 
Sharma, 1989b). Contrary to this, Kharkwal (1998b) obtained high 
frequency of albina followed by chlorina and xantha in chickpea. 
The greater effectiveness of combined treatments in 
inducing chlorophyll mutations has been reported by many worker 
(Sharma, 1980; Gautam et al., 1992; Singh et al., 1999). Although 
less than additive effects were obtained for most of the 
combination treatments, additive and synergistic effects were also 
obtained in some combination treatments in the var. Pusa-212 and 
Pusa-372, respectively. These results were in conformity with 
other workers (Khalatkar and Bhatia, 1975; Venkateswarlu et al., 
1988; Gautam et al., 1992). Prasad and Das (1980c) concluded that 
if both mutagens compete for the same site, the effects are 
completely independent of each other. It could either be additive 
or less than additive. Synergistic effects of combined treatments 
have been attributed by Sharma (1970) to either, (i) the first 
mutagen treatment makes accessible otherwise non available sites 
for reaction to the second mutagen, and (ii) premutational lesions 
induced by the first mutagen become fixed due to an inhibitory 
effect of the second mutagen on repair enzymes. Both these 
pathways should yield a frequency of mutations higher than the 
total of two mutagens. On the other hand Mohan Rao (1972) 
attributed additive effect to the differential mechanism of action 
of these mutagens in inducing mutations. In the present study the 
var. Pusa-372 recorded maximum chlorophyll mutation frequency 
than the var. Pusa-212, indicating its greater sensitivity and 
response to physical and chemical mutagens. Similar varietal 
sensitivity has been reported in Lathyrus sativus (Prasad and Das, 
1980c), urdbean (Singh, et al., 1999), chickpea (kharkwal, 1998b) 
and grasspea (Das and Kundagrami, 2000). 
It is concluded that in the present investigation the recovery 
of such a high rate of chlorophyll mutations can be attributed to 
the method of treatment and efficient scoring and handling of the 
mutagenised populations. 
The usefulness of a mutagen depends both on its 
effectiveness and efficiency, efficient mutagenesis being 
production of maximum desirable changes accompanied by the 
least possible undesirable changes. Mutagenic effectiveness is a 
measure of frequency of mutations induced by unit dose of 
mutagen, whereas, mutagenic efficiency is indicative of proportion 
of mutations as against undesirable biological effects such as 
gross chromosomal aberrations, lethality and sterility (Konzak 
et al., 1965; Nilan, 1967). 
Mutagenic effectiveness and efficiency has been worked out 
by a number of workers e.g., in chickpea (Kharkwal, 1998a), lentil 
(Sharma and Sharma, 1981a), Catharanthus roseus (Bhattacharjee 
et al., 1998), barley (Thakur and ?ethi, 1995) and blackgram 
(Khan, 1999). Blixt (1964), Prasad (1972) and Nerker (1977) 
studied the effectiveness and efficiency of various mutagens and 
concluded that alkylating agents were more effective and efficient 
in inducing mutations. Furthermore, the lower doses of mutagens 
were more efficient and effective as compared to the higher doses. 
A common observation in the present investigation revealed 
that the degree of effectiveness and efficiency varied among 
different mutagens as also between the two varieties. In general. 
the var. Pusa-372 showed greater response to mutagenic treatments 
than the var. Pusa-212. Similar differences in mutagenic response 
have also been reported by Sharma and Sharma (1981a), Kharkwal 
(1998a) and Khan (1999). 
Mutagenic effectiveness increased with an increase in the 
dose of gamma rays in the var. Pusa-212, whereas, it decreased at 
highest gamma ray dose (40KR) in the var. Pusa-372. Similarly, 
the effectiveness decreased at higher EMS and combination dose 
treatments in both varieties. In general, lower or intermediate dose 
treatments proved to be most effective in inducing mutations. 
Besides, EMS alone or in combination with gamma rays proved to 
be most effective than the gamma rays alone. Kharkwal (1998a) 
concluded that chemical mutagens were not only more effective, 
but also more efficient than the physical mutagens in inducing 
mutations in chickpea. The greater effectiveness of chemical 
mutagens over the physical ones has also been reported by 
Bhattacharjee et a/.(1998), Geetha and Vaidyanathan (1997) and 
Thakur and Sethi (1995). The decrease in effectiveness at higher 
dose treatments may be attributed to the failure in proportional 
increase of mutation frequency with increase in dose/cone, of the 
mutagens. Similar results were obtained by Gupta and Yashvir 
(1975) in Setaria italica; Nerker (1977) in Lathyrus sativus and 
Singh and Chaturvedi (1980) in Vigna radiata. 
Mutagenic efficiency calculated on the basis of lethality, 
sterility, injury and meiotic aberrations with respect to induced 
chlorophyll mutations on M2 population basis showed almost 
similar trend as in case of effectiveness i.e. efficiency showed 
linear relationship w'xXh. gamma dose in the var. Pusa-212, whereas, 
it decreased at the highest dose (40KR) and at highest EMS and 
combination treatments in the var. Pusa-372. In general, the 
intermediate dose treatments proved to be most efficient on the 
basis of all the criteria used. Higher efficiency of mutagens at 
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lower or intermediate doses was also reported by Gupta and 
Yashvir (1975), Sharma and Sharma (1981a), Kharkwal (1998a) 
and Khan (1999). It is obvious that in general, the higher 
efficiency obtained at lower and intermediate doses of mutagens 
might be due to the fact that the biological damage (injury, 
lethality, sterility etc.) increased with an increase in dose at a rate 
greater than the frequency of mutations (Konzak, 1965). 
Mutagenic efficiency seemed to vary with respect to seedling 
injury, lethality, sterility and meiotic aberrations. In general, 
mutation rate based on lethality (Mf/L) was highest followed by 
meiotic aberrations (Mf/M), whereas, it was lowest in case of 
sterility (Mf/S). Combination treatments showed highest mutation 
rate, indicating their greater efficiency followed by EMS. Gamma 
rays were least efficient. Such variations in the mutagenic 
efficiency based on different criteria used has also been reported 
by Sharma and Sharma (1981a) in lentil. Dixit and Dubey (1986) 
in lentil; Geetha and Vaidyanathan (1997) in soybean; 
Bhatacharjee et al. (1998) in Catharanthus roseus. 
In addition to the chlorophyll mutations, a wide spectrum of 
viable mutations (macromutants) affecting plant habit, leaf 
characteristics, flower, maturity, branching and seed shape and its 
size were isolated in the M2 population. The frequency of these 
morphological mutants differed among different mutagens used 
and also between the two varieties. Combination treatments 
induced not only maximum frequency but also more types of 
morphological mutations. EMS in turn was more effective than 
gamma rays in inducing macro-mutations. In general, maximum 
frequency of morphological mutations was induced by the 
intermediate treatments of gamma rays and EMS and lower 
combination treatments. The most striking mutants in the present 
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investigation include tall, dwarf, broad leaf, white flower and bold 
seeded mutants. All these mutants were confirmed to be true 
breeding in the M3 generation. Most of these morphological 
mutants have also been reported earlier in chickpea (Kharkwal, 
1981a, 1981b; Kalia et al., 1981; Khanna, 1981; Haq et al., 1989; 
Cumber et al., 1995) following treatments with physical and 
chemical mutagens. Recently, induced male sterile mutant (Mathur 
and Lai, 1999), apinnate mutant (Wani and Anis, 2000) and 
fascialed mutant (Gaur and G^ur, 1999) have been reported in 
chickpea. Kharkwal (2000) has extensively reported a number of 
morphological mutations affecting almost all parts of the plant in 
chickpea. Various investigations suggest that the possible cause of 
these macromutations may be chromosomal aberrations, small 
deficiencies or duplications and most probably gene mutations 
(Singh et al., 1980). Several workers have reported that these 
viable mutations were monogenic and recessive in nature 
controlled by one or more recessive genes (Singh and Yadav, 
1982; Singh et al., 1987). In addition to the simple viable 
mutations, multiple mutations affecting two or more characters 
particularly those of leaf and seed mutants were found in the 
present study. Patil (1966) attributed this phenomenon to either 
mutation of pleiotropic gene, mutation of gene clusters or due to 
loss of chromosomal segments. Gaul (1961) interpreted the 
occurrence of such mutants as due to chromosomal rearrangements 
or deletion. Besides chickpea, a wide range of morphological 
mutations have been reported in different crop plants such as 
sesame (Mary and Jayabalan, 1995), Vigna mungo (Raisinghani 
and Mehna, 1994; Singh, 1996), Lathyrus sativus (Nerker, 1970b), 
mungbean (Singh and Yadav, 1991; Singh et al., 1999; Singh 
et al., 2000a) and pigeonpea (Rao and Reddy, 1984). 
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The genetic differences in the varieties under study for 
inducing spectrum and frequency of macromutations have also 
been reported earlier in bengal-gram (Nerker and Mote, 1978), 
lentil (Sharma and Sharma, 1981b) pigeon pea (Rao and Reddy, 
1984) and urdbean (Singh et al., 1999). The more frequent 
induction of certain mutation types by a particular mutagen may be 
attributed to the fact that the genes controlling these characters 
might be more responsive to either alkylating agents or ionizing 
radiations. This could be due to differential mode of action of the 
mutagens on different base sequences in various genes. 
The bold seeded mutants isolated in the present investigation 
are of special interest since these mutants showed considerable 
improvement in the yield besides increase in pod size. Cytological 
observation of these mutants revealed 8 bivalents (2n=16) at 
metaphase, although some meiotic aberrations like stickiness, 
precocious separation and disturbed telophase were also obtained. 
The normal cytological behaviour of these mutants may indicate 
their genetic nature, however, cryptic structural changes in the 
chromosome could be not be denied. The morphological mutants 
isolated in the present study included mutants with agronomically 
desirable features which could possibly be utilized in the future 
breeding programs. Besides, to test the genetic nature of the 
trait(s) concerned the segregation pattern of these mutants would 
be known after crossing them with their respective parents in the 
future study. 
The useful variability is a pre-requisite for crop improve-
ment. Therefore, the first step in any breeding program would be 
the search for such variability. In some crops such as maize, wheat 
and rice, a wide range of natural variability is known to occur in 
world collections. However in some other crops such as legumes 
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the available natural variability is not rich. In chickpea, the 
shortage in genetic variability in the available stocks is a major 
handicap for its improvement. This is the main reason that many 
problems in this crop such as yield instability, susceptibility to 
insects etc. have remained unsolved. 
Mutagenesis has proved to be a handy tool to enhance the 
natural mutational rate, thereby enlarging the genetic variability 
and increasing the scope for obtaining desired selections. 
Particularly, induction of micromutations in the polygenic system, 
controlling the quantitative characters is important for crop 
improvement. From the work already reported by several authors, 
especially in self pollinated crops (Rawlings, et al., 1958; Bhatia 
and Swaminathan, 1962; Gaul, 1965; Scossiroli et al., 1966; 
Borojevic and Borojevic , 1972; Chaturvedi and Singh , 1980; 
Khan, 1984; Sharma, 1986) it is now quite clear that polygenic 
mutations result in the release of considerable A'ariability in 
mutagen treated population. In recent years, the role of mutation 
breeding in increasing the variability for quantitative characters 
has been proved beyond doubt (Mehetre et al., 1990; Srivastava 
and Singh, 1993; Ignacimuthu and Babu, 1993; Tickoo and 
Chandra, 1999; Solanki and Sharma, 1999; Waghmare and Mehra, 
2000). Alkylating agents and more particularly the combination 
treatments of physical and chemical mutagens have been reported 
to induce more variability as compared to individual physical 
mutagens (Abdulla and Hussein, 1977; Singh and Chaturvedi, 
1982; Solanki and Sharma, 1999; Singh et al., 2000b). Higher 
effectiveness of alkylating agents over gamma rays is now almost 
a confirmed fact (Kharkwal, 1978; Sharma, 1980; Sarkar and 
Sharma, 1987b; Singh, 1988c). 
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The degree of success in the genetic improvement of 
particular trait(s) in crop plants depends on the magnitude of 
genetic variability and the breeding methodology adopted. Since 
most of the economically important characters are influenced by 
environment, estimates of genetic parameters like genotypic 
coefficient of variation, heritability and expected genetic advance 
(percent of mean) are needed to formulate suiiable breeding 
procedures and foresee the possibilities as to what limit a 
particular trait could be improved. The increase in genetic 
variability and heritability estimates due to mutagenic treatments 
indicates the induction of micromutations governing the 
quantitative parameters. On the other hand, increase in 
heritability estimates in M2 and M3 generations also indicates that 
significant gain could be expected from selection. 
In the present investigation, data on eight quantitative 
characters viz., days to flowering, plant height, days to maturity, 
number of primary branches per plant, number of pods per plant, 
seeds per pod, 100 seed weight and total yield per plant were 
analyzed to assess the extent of induced variability in M2 and M3 
generations of the two varieties of chickpea. 
The mean shifted in positive and negative direction for all 
the quantitative traits in the present investigation. The positive 
shift was more pronounced at the lower or intermediate dose 
treatments, whereas, negative shift was observed at higher dose 
treatments except for days to flowering and maturity where reverse 
was true. Moreover, there was further increase in mean values 
towards positive direction for yield and yield contributing traits in 
M3 generation as compared to M2. The increase in mean values 
coupled with increased variability in M3 as compared to M2 
especially for yield contributing traits suggested scope for further 
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selections in tiie M3 populations. There are different opinions 
regarding the direction of mutations. By using physical and 
chemical mutagens, many workers have found mean values 
decreasing significantly for most of the characters in Mi 
generation (Virk et al., 1978; Brock, 1965a; Tickoo and Chandra, 
1999). They attributed the decline to either physiological damage 
caused chiefly by chemical mutagens or chromosomal aberrations 
caused mainly by irradiations. These physiological disturbances 
get eliminated progressively in the subsequent generations. Brock 
(1965) observed that random mutations in characters with definite 
selection history, shift the mean away from the control mean, in 
the direction opposite to the previous selection history. Contrarily, 
it is proposed that random mutations bring about unidirectional 
change in the mean values of almost all the quantitative 
characters of interest to the plant breeder (Gaul and Aastveit, 
1966). The change is independent of genotype, but is associated 
with vitality. Another group of workers believe that mean remains 
almost unchanged although there is an increase in variance due to 
mutagenic treatment indicating bidirectional mutations (Upadhya 
and Singh, 1979; Rao, 1974). It is generally believed that in a 
population selected for high mean, the induced mutations would 
reduce the mean since the desirable genes would be mutated to 
undesirable ones. This may be true when the proportion of 
favorable genes is more than unfavorable genes, so that possibility 
of unfavourable mutations is more. The mean performance of a 
population having equal proportion of favourable and unfavorable 
genes would remain unchanged since mutations in plus and minus 
directions will be equally likely. The approximation of the mean 
of mutated lines to those of control can also be explained on the 
basis of Gregory's model (Gregory, 1968), where the number of 
plus and minus effects are essentially equal if the results of the 
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individual changes are exceedingly small. Shift in mean values in 
both positive and negative direction after mutagenic treatments 
has been reported by many workers (Abdalla and Hussein, 1977; 
Sinha and Joshi, 1986; Mehetre et al. 1990; Waghmare and 
Mehra, 2000; Singh et al., 2000b). Most quantitative characters 
have a complex genetic determination involving large number of 
genes interacting with one another. Consequently variation in both 
directions is expected. From the results of present investigation it 
could be concluded that induced mutations are random, 
polydirectional and quantitative in nature and cause heritable 
changes in polygenic systems. Besides, it is obvious from the 
results that the direction of mutation depends upon the 
genotype/character under study and the dose applied. 
Mean days to flowering increased and deceased significantly 
in M2 generation. However, the flowering time reduced further in 
most of the treatments in M3 generation. The flowering time was 
reduced by 4-6 days at 0.2% EMS and 2-4 days at 30KR gamma 
rays. Reduction in flowering time accompanied by increase in 
variability indicated that variability has been induced in desired 
direction and would offer the possibility for selecting early 
flowering mutants in such treatments. Reduction in flowering 
time after mutagenic treatments has also been reported by 
different workers (Khan, 1981; Singh et al., 2000b; Waghmare and 
Mehra, 2000). Oka et al. (1958) reported that the average number 
of days to flowering was not altered much in some of the 
treatments indicating that mutations in major and minor genes had 
been in both the directions i.e. earliness as well as for lateness. 
Satyanarayana et al. (1993) reported increase in flowering time in 
M3 than in M2 generation and attributed this to the elimination of 
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inferior lethal genes and also to the fixation of favourable genes 
for this trait in the populations. 
Plant height decreased considerably at higher treatments in 
M2, whereas, some lower dose treatments showed stimulatory 
effect. Maximum reduction in plant height was noticed at 
0.4%EMS and combination treatments of 0.3%EMS + gamma rays. 
However, in M3 the plant height increased in case of gamma ray 
treatments, whereas, EMS and combination treatments showed 
significant positive and negative shifts. The occurrence of 
mutations with equal frequency towards positive and negative 
directions may be considered as an important reason to justify the 
tendency of positive and negative shifts (Gregory, 1965) in the 
mean values for plant height in treated populations. Significant 
decrease in plant height has been reported in mungbean (Mehetre 
et al., 1990); Vicia faba (Abdalla and Hussein, 1977); triticale 
(Sinha and Joshi, 1986) and grasspea (Waghmare and Mehra, 
2000) after treatments with physical and chemical mutagens. 
Reduction in plant height coupled with decrease in the variance in 
M3 might be attributed to the fixation of genes controlling less 
plant height (Satyanarayan et al., 1993). Singh et oL^ (2000b) 
reported increase in plant height in urdbean whereas, Das and 
Prasad (1978) have achieved dose dependent increase or decrease 
in the plant height in M2 generation of Lathyrus sativus. 
The mean maturity time significantly reduced by 2-6 days in 
the intermediate dose treatments in M2 generation, whereas, higher 
dose treatments increased the maturity time, the most effective 
being 0.4% EMS and 30KR+0.3%EMS in the var. Pusa-212 which 
increased maturity time by 5-8 days. The mean maturity time was, 
however, reduced by 3-6 days in most of the treatments in M3 
generation. Reduction in days to maturity after mutagenic 
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treatments has also been reported in grasspea (Waghmare and 
Mehra, 2000) and urdbean (Singh et al., 2000b). Variation in 
flowering and maturity period in induced early mutants is 
generally considered to have parallel relation. However, early 
flowering mutants that are not early maturing (Tedin, 1954) or 
early maturity mutants with normal flowering date have also been 
reported in different crops (Porsche, 1963). 
The number of primary branches increased in most of the 
treatments, however, a significant reduction was observed at 
higher dose treatments of all the mutagens in the M2 generation. 
The mean number of branches increased further in M3 for all the 
treatments, indicating mutations in positive direction for this trait. 
The most effective treatments in this regard were 0.2%EMS and 
20KR+0.2%EMS in both the varieties. These results were in 
agreement with other workers (Mehetre et al., 1990; Singh et al., 
2000b; Waghmare and Mehra, 2000) who also reported an increase 
mean number of branches after treatments with physical and 
chemical mutagens. 
It is interesting to note that the treatments which showed 
increase in number of branches also showed increase in number of 
pods per plant, suggesting close correlation between these two 
traits. Both these characters increased further in the M3 
generation. It indicated that induced variability for these traits was 
in positive direction and the selection was effective in the M2 
generation. The decrease in pods per plant at higher treatments in 
M2 generation was probably due to high sterility that still existed 
in these treatments. However, occurrence of polygenic mutations 
towards negative direction could not be denied in such cases. It 
should be noted here that increase in mean number of pods per 
plant in M3 was associated with increase in genetic parameters in 
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most of the treatments. Such associations of increased mean with 
high variability suggest scope for further selection in the M3. 
Similar results were obtained in mungbean (Tickoo and Chandra, 
1999). Some workers reported an increase in the number of pods 
per plant (Ignacimuthu and Babu, 1992; Singh et al., 2000b), 
others reported decrease in pods per plant (Mehetre et al., 1990 
Srivastava and Singh, 1993; Tickoo and Chandra, 1999) while still 
others reported both increase and decrease in number of pods per 
plant in M2 generation (Waghmare and Mejira, 2000; Abda_na and 
Hussein, 1977; Upadhyaya and Singh, 1979) after treatments with 
physical and chemical mutagens. 
Mean seeds per pod were not altered much in the treated 
populations. This is probably due to the fact that only 1-3 seeds 
can be accommodated in the pod of chickpea. However, still a 
significant increase in the overall population mean was achieved 
in some intermediate dose treatments in the both M2 and M3 
generations. This increase in seeds per pod was associated with 
increase in variability from M2 to M3 generation indicating that 
selection in M2 was effective and this trait could be improved 
trough further selection in M3. Increase or decrease in seeds per 
pod due to mutagenic treatment has been reported earlier (Tickoo 
and Chandra, 1999; Singh et al., 2000b; Khan, 1984). It is 
suggested that increase in seeds per pod in M3 is probably due to 
the individuals carrying sterility because of chromosomal 
abnormalities or due to mutations that were more frequent in M2 
have been eliminated in the M3 generation. 
100-seed weight increased significantly in most of the 
treatments in the M2 and almost in all the treatments in M3 
generation. EMS and combination treatments were most effective 
in this regard. Increase in seed weight coupled with increase in 
variability was noted from M2 to M3 generation indicating 
possibilities of further selection for isolating bold seeded 
genotypes in M3 generation. This character has been reported to be 
governed by less number of genes unlike other polygenic traits 
(Ghose et al., 1960). Increase in seed weight after mutagenic 
treatment has been reported in triticale (Sinha and Joshi, 1986); 
Lathyrus sativus (Singh and Chaturvedi, 1990); mungbean (Khan, 
1984) and urdbean (Singh et al., 2000b). On the other hand, a 
decrease in seed weight in both the M2 and M3 generations has 
been reported in mungbean (Tickoo and Chandra, 1999) and 
Lathyrus sativus (Waghmare and Mehra, 2000). 
Seed yield in pulses is a complex character and is 
influenced by many other quantitative characters like branches per 
plant, pods per plant, seeds per pod and 100 seed weight. Seed 
yield per plant had significantly increased in the intermediate dose 
treatments of gamma rays and EMS and lower combination 
treatments in the M2, whereas, a significant increase for this trait 
was noted in all the selected treatments in M3 generation. Seed 
yield/plant significantly decreased at higher dose treatments in M2 
generation. Increase in seed yield is probably due to an increase in 
other yield contributing traits especially pods per plant and 100 
seed weight and so is the case with reduction in seed yield per 
plant in some higher dose treatment. Increase in seed yield in the 
present investigation could be attributed to effective selection 
adopted for various yield contributing traits in M2 and subsequent 
generations. Seed yield had increased by 4-6g in the var. Pusa-212 
and 3-5g in the var. Pusa-372 in different mutagenic treatments. 
Increase or decrease in plant yield following treatments with 
physical and chemical mutagens has been reported by many 
workers. Sareen and Koul (1999) reported an increase in seed 
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yield in case of gamma rays but decrease in EMS treatments in 
Plantago ovata, Khan (1988) reported increase in yield in all 
treatments including combination treatments in mungbean, 
whereas, Tickoo and Chandra (1999) observed a decrease in seed 
yield in M2 which significantly increased over control in the M3 
generation in mungbean. Decrease in seed yield following 
mutagenic treatments in M2 and M3 generations was reported by 
other workers also in pigeonpea (Srivastava and Singh, 1993); 
Triticale (Sinha and Joshi, 1986) and grasspea (Waghmare and 
Mehra, 2000). Singh et al. (2000b) observed a significant increase 
or decrease for seed yield per plant in M2 in urdbean. Chekalin 
(1971) and Abdulla and Hussein (1977) achieved considerable 
increase in yield in combination treatments of physical and 
chemical mutagens in comparison to individual treatments of the 
same mutagens. 
A more close look on the data for various quantitative 
characters revealed that lower or intermediate dose treatments of 
gamma rays, EMS and combination treatments induced not only 
maximum variability but also positive mutations were induced for 
most of the polygenic traits under study. Further, the selection was 
effective in M2 especially for yield and yield contributing traits 
where the mean values increased significantly from M2 to M3 
generation. No linear relationship was observed between the dose 
and mean values for all polygenic traits and varietal differences in 
terms of mutagenic response was clearly evident. Such varietal 
differences have also been reported by most of the workers 
discussed earlier. Mean values in M3 for all yield contributing 
traits were at par with the control in all selected treatments, which 
could be attributed to two reasons. Firstly, the selection applied to 
normal looking plants in M] and also the selection of highest 
yielding plants in M2 could lead to elimination of plants carrying 
gross chromosomal abnormalities. Secondly, the gradual recovery 
from the non genetic mutagen damage could also attribute 
significantly to this improvement. 
The usefulness of micromutations was established by 
Gregory (1956, 1961). After the studies of Brock (1965a ,1965b, 
1967), it became a common practice to advance only normal 
looking M2 plants to M3 generation and apply the first dose of 
selection not earlier than M3. This resulted in increasing the 
volume of non mutated material and delay in isolation of 
promising variants. Some experiments, however, demonstrated that 
selection in M3 is more effective than in M2 (Palezona, 1966; Jana 
and Roy, 1973). This aspect (selection) of mutation breeding was 
explained by Sharma (1986) by stating that even if the material 
selected in M3 or later generations has higher probability of 
getting fixed as promising strains, there is no evidence to suggest 
that the frequency of promising mutations per se is higher in M3 
than in M2. Further, he suggested that the variability detected in 
M3 could not have arisen afresh, without causing any impact on 
the M2 population and it is better to start selection in M2, so that 
bulk of the material which is either un-mutated or with drastic 
changes could be removed from the main population. Several 
workers have suggested that M2 and M3 generations may not differ 
in respect of selection response (Scossiroli, 1968; Sharma, 1977). 
Tickoo and Jain (1979), Bhadra (1982) and Kharkwal (1983b) 
concluded that promising progenies could be identified with 
higher degree of confidence in M2 on the basis of mean and 
variance. 
It is clearly evident from the data that considerable 
amount of variabilit) was induced in the treated populations in M2 
generation. The variability in M3 was comparatively low for days 
to flowering, plant height and days to maturity. However, there 
was an increase in variability in M3 for yield and yield 
contributing traits in most of the treatments with a few exceptions. 
This increase in variability was associated with an increase in 
heritability and genetic advance, indicating that induced 
variability was genetic in nature and further selections could be 
made in M3. The increase in variability in Mj has been often 
termed as "release of additional variability" (Sharma, 1986). Since 
the increase in variability in M3 was not observed in all 
quantitative trails as compared to M2, it means that some 
characters have a tendency to stabilize sooner than others. 
Therefore, it is suggested that in chickpea, selection for some 
characters like days to flowering, plant height and days to 
maturity could be confined to M2 alone. The other traits which 
have shown increased variability in M3 over M2 provide further 
chances to select more promising lines in M3 generation. Tickoo 
and Jain (1979); Bhadra (1982) and Kharkwal (1983b) suggested 
that selection in M2 generation should be applied to the M2 
families not segregating for macromutations and to the promising 
progenies identified on the basis of high variance and mean shifted 
in the desired direction. Sharma (1986) concluded that efficiency 
of mutation breeding for polygenic traits could be increased 
immensely by selecting Mi plants with maximum damage, normal 
looking plants from the macromutational M2 families, as well as 
non segregating families with high variance and desired shift in 
mean followed by confirmation of the potential of these selections 
in M3. 
As stated earlier a wide range of variability was induced 
by all mutagenic treatments in both the varieties. The amount of 
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induced variability, however, varied not only among different 
treatments but also from trait to trait. The induced phenotypic 
variation, although high among treated populations, does not 
reveal the relative magnitude of heritable (genetic) and non 
heritable variation. This was ascertained with the help of genetic 
parameters such as genotypic coefficient of variation (GCV), 
heritability in broad sense (h ) and genetic advance as percent of 
mean (GA). The estimates of genotypic coefficient of variation 
and heritability of various quantitative characters are essential 
(Falconer, 1960; Kaul and Bhan, 1974; Khan 1989) since they 
indicate the degree of stability to the environmental fluctuations 
and the potential transmissibility of a character from parent to 
offspring and from generation to generation. It is clearly evident 
from the data that considerable amount of genotypic coefficient of 
variation was induced by gamma rays, EMS and combination 
treatments in chickpea. Maximum GCV was induced by the 
intermediate dose treatments of gamma rays and EMS and lower 
combination dose treatments for almost all polygenic traits with a 
few exceptions. In general, the highest genotypic coefficient of 
variation was recorded for number of primary branches per plant 
followed by seed yield per plant, pods per plant and days to 
flowering. The amount of genetic variation was comparable among 
seeds per pod and 100-seed weight, whereas, plant height and days 
to maturity recorded comparatively lower GCV. Several workers 
have reported induced genetic variability following mutagenic 
treatments in different crops (Blixt, 1961; Gaul, 1965; Frey, 1965; 
Khan, 1988b; Ignacimuthu and Babu, 1993;Srivastava and Singh, 
1993; Solanki and Sharma, 1999). The genotypic coefficient of 
variation was higher in M2 for days to flowering, plant height and 
days to maturity as compared to M3, whereas, yield and yield 
contributing traits showed an increase in the genetic variability in 
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Ms as compared to M2 with a few exceptions. Factors responsible 
for such increase are considered to be favorable for mutation work 
in polygenic systems (Sharma and Sharma, 1982). The studies in 
different crops have shown that the genetic variability is 
substantially enlarged for various quantitative characters in M2 
and subsequent generations after mutagenic treatment (Goud, 
1967a; Gaul et al., 1969; Rao and Siddiq, 1977; Sharma and 
Sharma, 1982; Khan, 1984). The genotypic coefficient of variation 
did not increase with the increase in dose of mutagen. Lack of 
consistent dose-response relationship may be due to additional 
uncontrolled environmental variation (Conger et al., 1966). 
Similar results have been reported by Singh et al. (2000b) in 
urdbean; Khan et a/.(1998) in Vigna radiata and Khan (1988b) in 
mungbean. 
Heritability is one of the important ways to estimate the 
heritable proportion of the total variation induced. Besides, the 
most important function of heritability in the genetic study of 
quantitative characters is its predictive role expressing the 
reliability of phenotyic value as a guide to the breeding value. The 
heritability is a property not only of a character but also of the 
population and the environmental circumstances to which the 
individuals are subjected to. Since the value of heritability 
depends on the magnitude of all the components of variance, a 
change in any one of these may affect it. 
Heritability in the parental populations was low for all the 
polygenic traits. However, a wide range of heritability was 
observed in the treated populations. Heritability estimates were 
comparatively low in M2 but increased considerably in M3 
generation. This could be due to increased homozygosity of genes 
involved among treated populations. In general, heritability was 
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medium to high for almost all quantitative traits. However, 
branches per plant and seed yield per plant showed comparatively 
low heritability with respect to other traits. Different workers have 
different opinions regarding the range of heritability for various 
quantitative traits. Nevertheless, a wide range of heritability 
induced by physical and chemical mutagens has been reported by 
different workers (Upadhyaya and Singh, 1979; Khan, 1984; 
Ignacimuthu and Babu, 1993; Srivastava and Singh, 1993; Sharma 
and Sharma, 1982). The disparity in results could be because 
heritability is a property not only of a character but also of the 
population, environment and the circumstances to which the 
genotypes are subjected to (Falconer, 1960; Kaul, 1980). Kaul and 
Bhan (1974) suggested that all the genetic components are 
influenced by gene frequencies (which differ from population to 
population according to the history of the population) and by the 
environmental variance, since more variable conditions reduce 
heritability and more uniform conditions increase it. The high 
heritability estimates in the quantitative characters have been 
found to be useful for selecting suitable types based on their 
phenotypic performance. The increase in heritability was 
associated with increase in variability for most of the yield traits 
in M3, providing further chances for selecting plants with better 
yield and high heritability. Increased variability in the form of 
high heritability for different quantitative characters have also 
been reported by earlier workers (Khan, 1987; Nayeem and 
Ghasim, 1990; Sharma et al., 1990). 
A rational approach towards the improvement of any crop 
plant involves selection. A selection within the base population 
and utilization of selected material would produce germplasm that 
would result in the isolation of desired ideotypes. Johnson et al. 
137 
(1955) advocated that heritability estimates along with genetic 
advance is usually more helpful than heritability value alone in 
predicting the resultant effects of selection. This is probably 
because heritability estimates are subject to genotype-environment 
interactions (Lin et al., 1979). Genetic advance is indicative of the 
expected genetic progress for a particular trait under suitable 
selection procedure and consequently carries much significance in 
self pollinated crops. The estimated value of genetic advance 
(percentage of mean) differed in different mutagenic treatments 
and also from trait to trait. In general, genetic advance was high 
for number of branches per plant followed by seed yield and pods 
per plant, whereas, it was comparable in days to flowering, seeds 
per pod and 100 seed weight. Lilce heritability, genetic advance 
also increased in M3 as compared to M2 generation for yield 
contributing traits. Obviously, this is due to increase in genetic 
variability component i.e. the induced genetic changes for 
quantitative characters. From the plant breeding point of view, this 
should mean higher response to selection (Sharma and Sharma, 
1982). The higher values of heritability and genetic advance also 
suggest that mutations have mostly occurred at the loci having 
additive effects (Lawrence, 1965). Increase in heritability coupled 
with an increase in genetic advance has also been reported earlier 
(Sharma and Sharma, 1982; Khan, 1984; Ignacimuthu and Babu, 
1992; Lokesha and Veeresh, 1993). In general, results about yield 
and yield components are quite encouraging since they possessed 
sufficiently high values of heritability and genetic advance. 
The high yielding variants isolated in M2 and M3 
generations revealed that considerable increase in yield and yield 
related traits could be achieved in these mutants. The increase in 
100 seed weight and number of pods per plant were probably the 
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main reasons of boosting the plant yield to such a great extent. In 
other words, these two traits appeared to be highly correlated with 
yield. Plant height showed both positive and negative shift in 
mean. The maximum plant height was recorded for Pusa-212-E 
(68.64cm) as compared to 59.21cm in the control, whereas, lowest 
plant height was recorded in Pusa-372-B (49.23cm) as compared to 
55.80cm in the control. The highest yield was recorded in Pusa-
372-A (47.74g) followed by Pusa-212-F (46.42g) as compared to 
32.24g and 30.05g, respectively in the controls. In general 
selection was effective for branches per plant, pods per plant, 100 
seed weight and total seed yield per plant in almost all the mutants 
as was evident from the increased values of genetic parameters. 
All the six quantitative traits in the high yielding mutants showed 
an increase in genotypic coefficient of variation, heritability and 
genetic advance, indicating that these characters could be 
transmitted to future generations and further improvement of these 
polygenic traits was possible in the subsequent generations. 
Burton (1951) suggested that genotypic coefficient of variation 
together with high heritability estimates would give a better 
picture of the extent of genetic advance to be expected by 
selection. In view of the above facts, all yield related traits 
showed high genotypic variability coupled with high heritability 
and genetic advance-indicating that their heritability was largely 
due to additive genetic effects. 
The protein content was evaluated in M3 generation for all 
the selected treatments and mutant lines. It was clearly evident 
from the results that variability, though not very high, was induced 
among various treated populations and mutant lines. The protein 
content increased significantly in all the treatments except 
0.3%EMS and 20KR+0.2%EMS in the var. Pusa-212 where it 
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decreased. Similarly, protein content increased significantly at 
0.3%EMS and decreased significantly at 30KR+0.2%EMS in the 
var. Pusa-372. Among the mutant lines, protein content increased 
significantly in case of Pusa-212-B, Pusa-212-D, Pusa-212-E and 
Pusa-372-C. The other mutant lines showed either significant or 
insignificant decrease in protein content. In general, a wide range 
of variability was induced for protein content in treatments as well 
as mutant lines, suggesting possibilities of isolating high yielding 
-high protein mutant lines in future generations. One important 
fact observed during the present investigation was that increase in 
seed weight was not associated with significant increase in protein 
content as is clearly evident from two bold seeded mutants viz., 
Pusa-212-A and Pusa-212-C, where the protein content decreased 
slightly despite considerable increase in the seed size. Kharkwal 
(1998c) reported very low positive correlation between seed 
weight and protein content in chickpea, but positive correlation 
was observed in case of grain density and protein content. He 
further reported a high variability associated with wide range 
among different mutant lines and isolated different high protein 
mutants in chickpea. He concluded that useful variability for 
quality characters like protein content could be successfully 
induced, isolated and significantly improved through mutagenesis 
in grain legume crops. A number of induced mutant varieties with 
improved protein content particularly in case of grain legumes 
have been developed and reported by several workers (Kharkwal 
et al., 1988, Micke, 1988; Shaikh et al., 1982; Gottschalk et al., 
1975). 
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Chapter-6 
Concfv uswns 
Summary and Conclusions 
The present investigation was carried out to study the 
mutagenic effects of gamma rays, ethylmethane sulphonate and their 
combination treatments in the two varieties of chickpea (Cicer 
arietinum L.) viz., var. Pusa-212 and var. Pusa-372. 
The main objective of the study was to enhance the genetic 
variability for quantitative traits and increase the yield potential of 
the crop by isolating promising lines. Various other aspects of the 
study were, 1. Biological damage in M| generation 2. Effectiveness 
and efficiency of the mutagens. 3.Spectrum and frequency of 
chlorophyll and viable macromutations. 4. Estimation of heritability 
(broad sense) and genetic advance (percent of mean) and 5. 
Evaluation of protein content in the treated population. 
The significant findings are as follows: 
6.1: Sensit ivity Studies 
The mutagenic effect was studied on some Mi parameters such 
as seed germination, seedling height, plant survival, pollen fertility 
and various quantitative traits. Besides, cytological investigation was 
carried out to assess the comparative effect of physical and chemical 
mutagens separately as well as in combination. 
(a) Seed germination, seedling growth, plant survival and pollen 
fertility decreased with an increase in mutagenic treatment. 
b) Chromosomal abnormalities increased with an increase in 
mutagenic treatment. Various meiotic aberrations induced bv 
gamma rays, EMS and their combination treatments include 
Stickiness, Univalents, multivalents, precocious separation of 
chromosomes , laggards, bridges, non-disjunction and cyto-
mixis etc. 
(c) In general, the frequency of abnormalities were more at 
metaphase as compared to anaphase and telophase stages. 
(d) Combination treatments proved to be most effective in causing 
maximum biological damage. The order of effectiveness was 
Y-rays+EMS>EMS> y -rays. 
(e) The var. Pusa-372, in general, was highly sensitive as 
compared to the var. Pusa-212. 
(f) Studies on various quantitative parameters revealed the general 
effectiveness of higher treatments and stimulatory effect of 
lower or intermediate treatments in Mi generation. 
The coefficient of variation was high among the treated 
populations as compared to controls in M]. Combination treatments 
of gamma rays and EMS induced maximum variability as compared 
to their separate treatments. 
6.2: Qual i tat ive mutations 
(a) A wide spectrum of chlorophyll and viable morphological 
mutations were isolated in the M2 generation. Intermediate dose 
treatments of gamma rays and EMS and lower dose combination 
treatments induced maximum frequency of mutations as 
compared to the higher treatments. 
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(b) Frequency of xantha mutants was highest followed by chlorina 
in both the varieties of chickpea. 
(c) The most promising macromutations include tall, dwarf, broad 
leaved, bold seeded and white flower mutants. 
(d) No dose dependent increase was observed for chlorophyll and 
viable mutation frequency. 
(e) The mutagenic effectiveness measured on the basis of 
frequency of chlorophyll mutations divided by dose of the 
mutagen revealed EMS to be most effective followed by 
combination treatments in causing mutations. Gamma rays were 
least effective in this regard. 
(f) The mutagenic efficiency calculated on the basis of seedling 
injury (Mf/1) was generally higher followed by meiotic 
aberrations (Mf/M) as compared with that based on lethality 
(Mf/L) and sterility (Mf/S). 
(g) Intermediate dose treatments of gamma rays and EMS and 
lower combination treatments were most efficient on the basis 
of all criteria used. 
(h) The combination treatments showed highest mutation rate 
followed by EMS and gamma rays except for the meiotic 
aberrations (Mf/M) where EMS proved to be most efficient. 
(i) The interaction coefficient (K) of combination treatments for 
various biological parameters in Mi and chlorophyll mutation 
frequency in M2 revealed less than additive effects, fiowever, 
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synergistic or more than additive effects were also obtained in 
some combinations. 
6.3: Induced polygenic variations 
(a) The mean values of different quantitative traits showed positive 
and negative shifts in M2 generation, however, positive shift 
was more pronounced in M3 generation especially for yield and 
yield contributing traits. 
(b) The mean flowering time was reduced by 4-6 days at 0.2% EMS 
and 2-4 days at 30KR gamma rays. Similarly, the maturity time 
was reduced by 3-6 days in most of the treatments in the M3 
generation. 
(c) An increase in mean values for yield and yield contributing 
traits was noticed nPrm M2 to M3 generation. 
(d) A considerable increase in the mean values for number of 
branches per plant, number of pods per plant, 100-seed weight 
and seed yield per plant was noticed among the isolated mutant 
lines in the M3 generation. The increase in mean values was 
accompanied with an increase in genetic parameters. 
(e) Increase in pods per plant and 100-seed weight played 
significant role in boosting the seed yield per plant in treated 
populations. 
(f) Estimates of genotypic coefficient of variation, heritability and 
genetic advance significantly increased in the treated 
populations as compared to controls in the M2 generation. All 
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these genetic parameters increased further in M3 for yield and 
yield contributing traits. 
(g) The protein content increased significantly in some treatments 
and the isolated mutant lines, whereas, a significant decrease 
was also noticed in others. 
In general, intermediate dose treatments of gamma rays and 
EMS and lower dose combination treatments induced greater 
variability and proved to be more effective and efficient than the 
higher treatments. The present findings lead to the following 
conclusions. 
1. The two varieties of chickpea viz. Pusa-212 and var. Pusa-372 
require low concentrations of EMS (below 0.3%) and high 
doses of gamma rays (above 20KR) to yield maximum 
variability and more viable mutants. 
2. An appropriate dose of EMS (between 1-2%) is required for 
combination with gamma rays where maximum mutation 
frequency can be achieved. 
3. Increase in mean values coupled with an increase in genetic 
variability from M2 to M3 generation especially for yield 
contributing traits suggest further possibilities of selecting 
more promising lines with high yield and high heritability in 
both the varieties of chickpea. 
4. Number of branches/plant, number of pods/plant and lOO-seed 
weight are strongly correlated with yield in chickpea, whereas, 
seed size has low positive correlation with protein content. 
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5. Efficiency of micro-mutations can be increased by selecting 
normal looking plants of Mi segregating families as well as 
non-segregating families with high variance and desired shift in 
mean, whereas, the efficiency of macromutations can be 
increased by selecting Mi plants with maximum damage as well 
as normal looking plants of segregating M] families. 
It is suggested that the mutants isolated in this programme of 
investigation will have much importance in cultivation of Cicer. The 
over all performance of the mutants isolated has been praiseworthy 
especially with regard to alterations for grain characters (grain shape 
and test weight). The mutant lines are under evaluation for stability 
of grain characters and other attributes. These may be recommended 
for multiplication and further exploration by researchers. 
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